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sky-Watcher is a First-Class telescope brand sare an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical 
engineering, resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 
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* Magnitications (with optics supplied): x36, x/2,x90,x180 * Highest Practical Power (Potential): x260 © Diameter of Primary Mirror: 130mm 
* Telescope Focal Length: 900mm (f/6.92) * Eyepieces Supplied (1.25°): 10mm & 25mm *x? aii Lens *30% more Light Gathering than 114mm 
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PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below cfler excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premiu n quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays 
to a perfect focus, on axis. In addition they feature 0.5mm Ulira-Thin secondary mirror pees, to 
reduce diffraction spikes and light loss. 
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COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 
pave road 2 9 or at | numt nber of as well as Helpful Information & Advice 
VESCOpPEeS, SOME are GOO, SOMe 
mediocre and some 6 ad. lo me the a x 
Sky-Watcher range of instruments Order Your FREE Copy Today 
| are very good indeed, & suited to 
amateurs of all kinds - and they are 
not priced out of the market! 
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1 Use them and enjoy them 
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Dark matter hasbeena 
mystery tous for over 40 
. years. It plays the role 

of a largely unknown 

substance that we cannot 

see, accounting for over 

80 per cent of the matter 

. in the universe. Ordinary 

Sas matter on the other hand 

- that's me, you and everything that’s visible to 
the human eye - takes up ashockingly small 15 
per cent. Bring dark energy into the equation, 
and your ordinary matter is an even smaller 4.9 
per cent. Dark energy is the force that is causing 
the expansion of the universe to accelerate, 
but is there enough dark matter to producea 
gravitational pull to slow this expansion and 
prevent a ‘Big Rip’? We find out who is on course 
to win this tug of war on page 16. 

The universe is full of mysteries like dark 
matter. Another question is, does intelligent 
life exist on planets around other stars? This 
is the quest of the Search for Extra-Terrestrial 
Intelligence, or SETI, and it has recently received 





mli\ (stom pbelemelsver less 
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matter, so there are lots) 
of ideas on what it 1S” am.” > 


Richard Massey, cosmologist, 
Durham University, UK 
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the boost of an extra $100 million (£65 million) to ®\ Qs » 
support the hunt over the next ten years. Will this 
be money well spent? We find out on page 60. 
While the existence of intelligent life remains 
a mystery, closer to home two recent discoveries 
have increased the chances of finding simple 
life in our own Solar System. The presence ofa " 
global ocean underneath the icy crust of Saturn's 
nnloeyamhaveclecleletcm (com. Vi@- Vere tim.)or(e-mrOke-icasl 
up with the Cassini mission's Carolyn Porco to 
find out more and, just as this issue was going ' 
to print, NASA announced that scientists have . 
found evidence for running water on the surface 
of Mars, raising the possibility that life could exist 
on the Red Planet for a future mission to discover. *. . aa 
You can find out more about this exciting new “ Soars We 
development on page 12. ™ 
Enjoy the issue - we did! > 


i 
& ‘ : 





=~ 

















es 
' Gemma Lavender 
Features Editor — 2° 
. a “ Y 
: _ «@ Crewroster 
: ‘ David Crookes 

i m David chats to the | 

. experts shedding 
\ light on the elusive 





dark matter. Fipd out 
©, Bvseaictelseo sien 
; _Omipage 16. 


= 


m Ever heard of 
zombie stars? Head , ’ 
over to page 48 
for Laura's pick 
_Bomse-e-anes 
terrifying objects. 


= 
* 


| MAnewprojectto  , 
- find out if we're alone 
in the universe will 


soon be underway, 
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Postcard from Mars 


NASA’s endeavouring rover, Curiosity, took this selfie of itself 
trundling across the dusty Martian landscape on 5 August 
2015 while exploring the lower hills of Mount Sharp, which is 
a 5.5-kilometre (3.4-mile) high mountain. The camera appears 
to be floating in midair because the selfie is made up of 
dozens of smaller pictures taken by the rover's MAHLI (Mars 
Hand Lens Imager) camera that is on the end of Curiosity’'s 
robotic arm. The final mosaic is made from the sections of 
these images where the arm is out of shot. 
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tall space food is freeze-dried! The 
most recent cargo supply run to the 
International Space Station by the 

_ Japanese HTV-5 transfer vehicle, on 25 
August 2015, delighted NASA astronaut 
Kjell Lindgren by bringing with it a bag 
of fresh fruit. The fruit spilled out under 
the microgravity of Earth orbit, no 
doubt leading to antics as the crew of 
the station then had to chase after the 
~Oranges.and. apples to gather them up. 





Mountains at the edge 
of the Solar System 


The New Horizons spacecraft, which hurried past Pluto in July, has 
been gradually beaming back images of the dwarf planet, including this 
stunning vista of a range of mountains towering over three kilometres 
(1.8 miles) high. The picture was taken 15 minutes after New Horizon's 
closest approach to Pluto on 14 July. On the right are the wide, icy 
plains nicknamed Sputnik Planum, while in the foreground on the left 
is the Norgay Montes mountain range and, on the skyline, the Hillary 
Montes mountains. You can even see the hazy layers of Pluto's thin 
nitrogen atmosphere. With each picture Pluto looks more and more 
_____ fascinating and with most of the images still to be downloaded from 
ite New Horizons, there are many great views still to come. 
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Dark streaks seen on the surface of the Red Planet can now be 
tied to periodic flows, increasing the chance of finding basic life 


NASA's Mars Reconnaissance Orbiter 
(MRO) has found strong evidence 
that water is running freely on Mars, 
carving out gullies on hills and crater 
walls. The presence of liquid water on 
the Red Planet increases the chances 
that it could be home to microbial life. 

Indications that Mars might have 
running water first came in 2007, 
when comparisons of images of the 
surface taken by NASA's Mars Global 
Surveyor showed dark streaks running 
down gullies appearing to change 
over time. However, although water 
was suspected, scientists couldn't 
prove whether it was liquid, or 
avalanches of dry material that were 
causing the gullies to change. 

Using its Compact Reconnaissance 
Imaging Spectrometer for Mars 
(CRISM) instrument, MRO has found 
in favour of liquid water, thanks to 
the hydrated minerals that the water 
leaves on the slopes where the dark 
streaks, which are named ‘recurring 
slope lineae’ or RSL, occur. Hydrated 


The Hubble Space Telescope 
has been invaluable in . 
studying the behaviours and 
. developments of other galaxies 
* in comparison to our own 


minerals are substances like salts 
which are chemically bonded to 
water molecules, and those found in 
and around the RSL are a mixture of 
magnesium perchlorate, magnesium 
chlorate and sodium perchlorate. 
Nida olercds ly Flisw lomo) (em-velemaslee-limts 
thin and the surface pressure low, 
the hydrated minerals can act as an 
anti-freeze, turning the water into 
a briny mixture that can exist in 
temperatures as low as -70 degrees 
Celsius (-94 degrees Fahrenheit). 
Perchlorate is not new on Mars - 
INPANSYANSH od poles an b@l tcbalelcapcelpnalemiantnl 
Mars’ north polar region where water- 
ice is buried just below the surface, 
while the Curiosity rover has also 
discovered it in Gale Crater. However, 
in the case of the dark streaks, the 
perchlorate is only present when 
the RSL are at their widest and most 
numerous, implying that it’s either 
produced by or carried by the water, 
which comes and goes seasonally as 
the temperatures on Mars change. 


“When most people talk about 
water on Mars, they're usually talking 
about ancient water or frozen water,” 
says Lujendra Ojha of the Georgia 
Institute of Technology. “Now we 
know there's more to the story. This 
is the first spectral detection that 
unambiguously supports our liquid 
Water-formation hypotheses for RSL.” 

So where does the water come 
from? Scientists think it comes from 
underground, when temperatures rise 
enough to melt sub-surface ice. When 
the melt-water reaches the slopes, it 
occasionally bursts onto the surface. 

“Tt took multiple spacecraft over 
several years to solve this mystery, 
and now we know there is liquid 
water on the surface of this cold, 
desert planet,” says Michael Meyer, 
lead scientist of NASA's Mars 
Exploration Program. “It seems that 
the more we study Mars, the more we 
learn how life could be supported and 
where there are resources to support 
life in the future.” @ 
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Andromeda Galaxy 
more like Milky Way 
than previously thought 


Hubble brings us closer to understanding 
the nature of blue star masses in our 
neighbouring spiral galaxy 


A recent initiative to inspect the 
Andromeda Galaxy (M31) has revealed 
it has a similar percentage of newborn 
blue star clusters (based on mass) as 
the Milky Way. Located 2.5 million 
light years away, Andromeda has been 
re-created using 414 mosaic images 
captured by NASA's Hubble Space 
Telescope and the results are helping 
scientists determine the composition 
of our galaxy in the wider universe. 
Capturing said percentage all comes 
down to determining the masses of 


Stars within a given cluster, otherwise 
known as its Initial Mass Function 
(IMF). Nailing down this empirical 
function enables scientists to study a 
galaxy’'s formation from the light that 
passes through from distant sources. 
The data has been taken from 
NASA's panoramic survey of the 
neighbouring galaxy, the Panchromatic 
Hubble Andromeda Treasury (PHAT), 
which consists of a staggering 8,000 
images of 117 million different stars. 
Only stars roughly the same distance 
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from the Earth (around 2.5 million 
light years) were used, generating huge 
amounts of data for NASA to study. 

However, given the mountain of 
information gathered alongside these 
images, it would have taken scientists 
a long time to analyse every shred of 
it on their own. Thankfully, volunteers 
have been on-hand. “Given the sheer 
volume of images, our study of the 
IMF would not have been possible 
without the help of citizen scientists,” 
says Daniel Weisz of the University of 
Washington in Seattle. “The efforts of 
these citizen scientists opens the door 
to a variety of new and interesting 
scientific investigations, including this 
new measurement of the IMF” 


The dark, narrow streaks 
seen running downhill 
on Mars are thought to 

have been formed by 
flowing water 


While analysing the data, scientists 
discovered that the IMF of Andromeda 
is very similar across all clusters 
surveyed. This suggests that star births 
are often uniform in part, generating 
a consistent distribution that covers 
everything from blue supergiants to 
small red dwarfs. “It’s hard to imagine 
that the IMF is so uniform across 
our neighbouring galaxy given the 
complex physics of star formation,” 
Weisz adds. Studying the IMF of the 
Andromeda Galaxy reveals another 
interesting insight into its origins - it's 
now theorised that a galaxy like M31 
would have had fewer heavy elements 
with which to form planets, due to a 
lack of supernovae to draw from. @ 


“The data consists of a 
staggering 8,000 images of 
117 million different stars” 
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Saturn's rings fully illuminated by 
the Sun and as imaged by Cassini 


Saturn's 
rings Warp 
and expand 
when cooling 


Anew study conducted 
by Cassini sheds new 
light on the planet's 
rings during its equinox 


The composition and behaviour 
of Saturn's orbiting phenomena 
have fascinated astronomers for 
centuries, but new information 
has provided a new insight into 
its cooling habits following the 
equinox. The second largest 
planet in our Solar System, 
Saturn orbits the Sun every 29 
years, Meaning said equinox is 
one of only two times in its orbit 
when these rings are illuminated. 
Cassini observed this event back 
in August 2009 - Saturn's rings 
have been cooling ever since, 
revealing that some layers aren't 
cooling as quickly as expected. 

“For the most part, we can't 
learn much about what Saturn's 
ring particles are like deeper than 
one millimetre below the surface,” 
says Ryuji Morishima of NASA's 
Jet Propulsion Laboratory. “But 
the fact that one part of the rings 
didn't cool as expected allowed 
us to model what they might be 
like on the inside." 

Scientists had previously 
theorised that the outermost 
main layer, categorised as ‘A ring’, 
was made up of a fluffy, snow-like 
ice covered in a pulverised outer 
layer known as regolith. However, 
Cassini's findings suggest this 
layer is largely pieces of icy debris. 
“A high concentration of dense, 
solid ice chunks in this region 
of Saturn's rings is unexpected,” 
says Morishima. “Ring particles 
usually spread out and become 
evenly distributed on a timescale 
of about 100 million years.” @ 
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SOHO finds 
3,000th comet 


The Solar and Heliospheric 
Observatory (SOHO), a joint 
venture between NASA and 

ESA, has discovered its 3,000th 
comet. Set up in 1995 to observe 
and document the presence 

of comets in our galaxy, SOHO 
made the discovery on Sunday 13 
September. 


e@ 
The Moon is 
shrinking 
According to new results taken 
by NASA's Lunar Reconnaissance 
Orbiter, the gravitational pull of the 
Earth is influencing the movement 
of thousands of faults on the 
surface of the Moon, causing it to 
effectively shrink and warp. 


Astronaut 
eyes space- 
time record 


US astronaut Scott Kelly is 
currently six months into his 
year-long mission aboard the ISS 

- should he remain on board for a 
total of 342 days, he will break the 
record for the longest consecutive 
stay in orbit by a NASA astronaut. 


Orion delayed 
until 2023 


The Orion spacecraft, which is 

set to be launched by the new 
NASA Space Launch System (SLS), 
was originally pencilled in for 

a human. test flight in 2021, but 
reports suggest the programme is 
unlikely to launch until 2023 at 
the earliest. 
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This image was taken through extreme 
ultraviolet wavelengths. While this type 
of light is invisible to the naked eye, it’s 
1ig 0) (or htaeco) (o)bacsremexe) OM slaemexlejaeince 
through an ultraviolet lens 


Spacecraft catches . 5 
Moon's double «¢ ~ 
jeatelceleeaele See 


The Solar Dynamics Observatory’s VIE ws of t 
interrupted twice as it attempts to monitor our star 


~— age Launched in 2010, the Solar Dynamics never an alignment of the Earth, the Sun blocked intermittently from one 
Observatory (SDO) keeps a constant Moon and the Sun in such a startling minute to an hour at a time. 





























Io is the most volcanically active 


object in the Solar System VE lCel oMoyetdetcmoleremmnntoveicoyenatem las manner. This crossing of celestial The image also showed how the 
behaviours and fluctuations in the paths even resulted in a partial solar path of light from the Sun can affect 
Ma a oceans hope of truly understanding its effect eclipse that was only visible from how clear a planetary body appears. 


e on the Earth. However, that vigil was Antarctica and certain regions in For instance, in the photo above, the 
Cou d hel find momentarily obscured when our Africa. The SDO is, however, used Moon presents itself with crisp clarity 
r. f : | Moon decided to partially block the to interacting with the Earth - our while the Earth is fuzzy. This is due 
Io S TuSp aced SDO's view. To make the event even planet crosses its path twice every to the nature of our atmosphere, 
volc anoes more bizarre, the Earth also passed year due to the observatory’s own which morphs and redirects the light 
into view, completely blocking any orbit taking it behind the path of our passing through it creating a haze- 


Underground flows may sign of our home star in the process. planet's. These phases usually last like effect. Conversely, the Moon has 
eee The SDO has witnessed a number etween two and three weeks, wit no atmosphere so its photobombing 

be the key to finding he SDO has witnessed b b dth ks, with here so its photobombi 

Jupiter moon's p eals of lunar transits since its launch, but the spacecraft's line of sight to the exploits remain crystal clear. @ 


Jupiter's moon Io, which happens 


to be the most volcanically active Self-building 


world in our Solar System, is the 


site of a mystery that’s captivating habitats for 


scientists. A series of previously 


documented volcanoes aren't alien world 


appearing in the exact locations 


expected, with new research colonisation in 


suggesting subterranean oceans of 


magma and water are to blame. development 


“This is the first time the amount 


and distribution of heat produced a 1 
by fluid tides in a subterranean Eu [Ope led project 
magma ocean on Io has been dls to deploy first 


studied in detail,” says Robert Tyler, terrestrial and SPdaCe 


who divides his time between the 


University of Maryland, College Park habitats Of] Mars 
and NASA's Goddard Space Flight and b eyond 














Center. “We found that the pattern and aerospace engineering at the they have moved beyond the design 

of tidal heating predicted by our While the space agencies of the Florida Institute of Technology, Ondrej stage and that “lab tests are ongoing.” 

fluid-tide model is able to produce world continue to pursue the dream Doule, the project is the centrepiece “As with every prototype, there 

the surface heat patterns that are of manned expeditions to Mars and of a 36-month long, €2.3-million are issues that have to be addressed 

actually observed on Io.” beyond, a new initiative involving a (£1.7-million/$2.6-million) investment after first uses and transport, and also 
The research implies that Io, consortium of five European nations from five European nations. continuous integration that started 

which is severely affected by the is designing a series of domiciles for The construct itself, consisting in Estonia, so we are optimising the 

gravitational pull of the gas giant when the first astronauts get there. of rigid, inflatable and robotic system instantly,” explains Doule. 

they orbit and fellow moon Europa, However, these aren't just any components, will form automatically Once the system is operational, 

is warped in shape and size by homes. The Self-deployable Habitats once activated on a given surface, the plan is to conduct “no-humans- 

this galactic tug of war, forcing its for Extreme Environments (SHEE) providing five separate areas of in-the-loop tests and operations’, a 

underground magma flows to shift have been designed to build habitable space: entrance ports, work to confirm that SHEE can operate 3 

and undulate. These huge torrents themselves in locations too adverse areas, a kitchen, a toilet and private for up to two weeks in an extreme z 

forced eruption points to distend for direct human involvement. The crew quarters. While a functioning environment. Tests will take place at = 

or shift, knocking their positions brainchild of architect and assistant prototype is some way off in the the International Space University in A 

off course. @ professor of human-centered design distance, Doule has confirmed that Strasbourg in the coming months. @ @ 
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85 per cent of reality is missing. 
_ All About Space sheds light on the secret 
~~ controlling the fate of the universe 
Se ——1 en you look up at the night sky, you'll see least because it is unlike the normal matter that we 
= iillions upon millions of i illuminated objects, from find here on Earth. It is not composed of baryons, 
the [oon and stars. Ke) the planets in our Solar _ the ‘normal matter’ particles that make up the 
System. It: It is easy to think that they make up the planets, stars and even ourselves. It does not emit 
DU k of f what exists i in the | universe but, in fact, what or absorb light and it cannot be directly observed 
d an be be viewed i is a tiny fraction of what is there. ~ with our very own eyes. About the only thing 
What + at you can't see is an invisible yet important astronomers know with some certainty is that dark 
€ ark Bee which makes up 22 per ~~ matter interacts through gravity. As for the rest, it’s 
mos. 1 | hat ma strike you as odd since fair to say astronomers understand more about what 
mes more dark mat er than th the normal dark matter is not, than what it actually is. “It's alla 
hat t compris eS everything we can nsee and __ bit embarrassing,” Richard Massey, an astrophysicist 
axe eepest mysteries, = -at Durham University's Institute for Computational 
sto take decades to untrave ———S Cosmology, tells All About Space. “There are lots 
= and lots of theories about what it could be, but you 
could take a theorist and put him in a room for a 
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Dark matter 


day with a pencil and he will come up with another 
theory. We've had decades to think about dark 
matter so there's a lot of ideas about what it is and 
what it could do but, honestly, we have no clue. It 
could be any or none of them.” 

Dark matter was first ‘observed’ in 1933 by Swiss 
astronomer Fritz Zwicky, who had argued - correctly 
- that galaxies moved in relation to one another 
within clusters. It was during his study of the Coma 
Cluster, that he noted the rapidly moving galaxies 
did not have enough visible matter to provide the 
necessary gravity to hold them together. In order to 
explain what he was seeing, he concluded that there 
must be lots of unseen matter. At the time, however, 
his findings were largely ignored. 

Gradually, though, the idea of an invisible material 
became the accepted wisdom. In the Seventies, 
astronomer Vera Rubin found that single galaxies 
as well as clusters also had hidden mass and she 
discovered that the stars orbiting black holes at the 
centre of spiral galaxies maintained the same speed 
no matter how far away they were from it. This 
kind of behaviour struck her as being particularly 
unusual since the black holes provide gravity, just 
as the Sun does for the planets in our Solar System. 
The difference is, the further away planets are from 
the Sun, the slower they complete their orbit. To 
explain why stars keep a constant speed regardless 
of their position around a black hole, Rubin believed 
something else must be providing the gravity. 

That something else is dark matter, the stuff 
which binds galaxies together. Forming an invisible 
halo around a galaxy which extends beyond its 
edge, it also keeps the rotation speed constant. 

Dark matter is believed to have been present at 


What is dark matter? 


i 


A galactic glue & — 
Dark matter has a 
gravitational attraction 
which enables ittohold 
clusters of galaxies together. 


Perplexing matter @ 
Astronomers still know 
little about dark matter. 

Most believe it is not made 
U} oe) im ©) ale) Xe) at-ym =) (=1e1 ane) a 
and atoms, though. 

‘| 


= : 
, F 
ul 


Space’s er lavelelem 
~ As wellas binding _ 
clusters, ‘dark matter acts 
Jasakind of ace to” 
hold-the-universe-togethe 


in a web-like structure. 
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PascabPralavorio, using 
the LHC’s ATLAS 
detector, is seeking the 
particles that could 
make up dark matter 


the time of the Big Bang, eventually condensing to 
form the backbone on which everything else in the 
universe is built. As the universe formed and dark 
matter clumped, its massive weight exerted gravity 
on the visible, normal matter objects around it, 
pulling them in and helping galaxies to form. The 
gravitational attraction is so great that it prevents 
the galaxies from splitting and affect the speeds at 
which they travel in a cluster. 

But what is this elusive mass made up of? That 
is the question astronomers are keen to answer 
and so far science has drawn a blank. Experts have 
considered dark matter consisting of antimatter, the 


=_— 








~~ ac telerated expansion. 





opposite of matter, but they haven't seen the unique 
gamma rays that are produced when antimatter 
meets matter and the pair destroy each other. 
Massive compact halo objects (MACHOs), brown 
dwarfs, white dwarfs and black holes have also been 
looked at as explanations but they have been ruled 
out because dark matter comprises 85 per cent of 
all matter in the universe and there just aren't that 
many of these objects to account for such a large 
heft. There is a potential for dark matter to be made 
up of neutrino or axion particles. But astronomers 
believe it is more likely to include something 
entirely different given that the behaviour of 


® In the dark 


Dark matter is non-luminous 
meaning astronomers can 
study its effects but are unable 
to directly observe it. It does 
not emit or absorb light. 


ae ® Lending extra mass 


At the speeds they rotate, 
galaxies should tear themselves 
apart. Dark matter lends extra 
mass, generating the gravity 
needed to keep them intact. 





~-War inthe cosmos @ 
Dark matter,‘battles’ with 
~. dark energy. As dark 
matter seeks to bond, 
~ ™dark-energy is pushing 
the universe into an 
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What is the universe made of? 





68.3%8 
Dark energy 
Astronomers believe dark 
energy makes up the 
majority of our universe. 
It's thought that this 
mysterious form of 
energy will become more 
dominant in the future. 


those particles do not fully explain the indirect 
observations of dark matter. They label the potential 
dark fundamental particles as weakly interacting 
massive particles (WIMPS) and while this still fails 
to actually explain what they are, it at least points to 
one of the hallmarks of dark matter: the fact that its 
particles can pass through normal matter and other 
dark matter particles. “Dark matter doesn’t interact 
with our particles or other dark matter particles 
except through gravity,” explains Massey. “If you put 
your hand down on the table, it doesn't go through 
the table because of the electromagnetic force. 
That’s what pushes atoms apart from each other. It’s 
the same with a car crash - electromagnetic forces 
stop the car and crumple it up. With dark matter, it 
seems, everywhere we looked were lumps of dark 
matter that had smashed into each other like a big 
car crash. But they just passed straight through 
each other and they didn’t care. They also passed 
through ordinary matter and just kept going. We 
concluded that dark matter doesn’t interact with the 
electromagnetic force.” 

It is perhaps ironic, then, that one of the methods 
being used to detect the individual particles of dark 
matter involves smashing protons together at close 
to the speed of light. Such a thing is taking place in 
the 27-kilometre (17-mile) long underground complex 
that is the Large Hadron Collider (LHC) near 
Geneva. Scientists at the European Organization for 
Nuclear Research (CERN) in Switzerland resumed 


— 
=P 





the smashing of particles in June. “If dark matter is 
really a new particle, then it should have a special 
characteristic,” says Pascal Pralavorio, a physicist 
at CERN who works on the LHC’s ATLAS detector, 
which is seeking the particles that could make up 
dark matter. “It should be long-lived and go at a 
relatively slow speed compared to the speed of light. 
But we know nothing about these particles - we 
don't know their mass, for example. We are trying to 
search everywhere.” 

In trying to re-create the primordial blast of 
13.8 billion years ago, CERN scientists hope that 
the particles which make up dark matter may be 
spotted. Pralavorio thinks that there could be one, 
two, three, or more dark matter particles, but resigns 
himself to the fact that we just don't know yet. With 
the LHC’s beam energy level being cranked up, 
scientists are looking for missing transverse energy, 
which is an imbalance in momentum before and 
after a particle collision. “But the way we are looking 


at it is paradoxical,” Pralavorio adds. “These particles, 


if they were to exist, would leave no hint at all in 
our detectors so we will see them by the absence of 
seeing them.” 

If it seems like a stab in the dark, then it is to 
a degree. “We are kind of in the dark for the time 
being,” says Pralavorio. “It’s like entering a new 
world of experiments and, in principle, it is possible 
that dark matter doesn’t even exist.” In order for 
it not to exist, though, the physicist explains that 


“We've had decades to think about dark 
matter so there's a lot of ideas about 
Verle It 1S elalel Verele It could ‘eley Richard Massey 
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8 26.8% 
Dark matter 
Over 25 per cent of our 
universe is made up of 
dark matter - just over 
five times that of normal. 


‘(8 31.7% 

All matter 

Take dark energy out of the 
equation and the amount 
of matter in the universe is 
85% dark and 15% normal. 


—B8 4.9% 

Normal matter 

Normal matter - the visible 
substance making up the 
baryonic matter we can 
observe - comprises a small 
per cent of the universe. 


“gravity would have to be modified compared to 
what we know”. But since, this, in principle, has 
been tested in the Eighties and Nineties and the 
conclusion is that it is not possible to explain the 
dark matter phenomena by modifying the gravity, 
the probability is that it is a new particle. And so the 
search continues. 

Scientists are using a variety of instruments in 
the hunt ranging from the Large Hadron Collider 
and telescopes to antimatter detectors, cosmology 
instruments and gamma-ray detectors - NASA's 
Fermi Gamma-ray Space Telescope could possibly 
detect dark matter collisions, for example. Hundreds 
of galaxies have been analysed and they are seen to 
behave in the same way, displaying speeds at which 
they rotate that do not match their visible mass. 

In April this year, Massey led aZ team of scientists 
which used the Hubble Space Telescope to view four 
distant galaxies at the centre of a cluster 1.3 billion 
light years away from Earth. Lots of the collisions 
showed that dark matter didn't interact, slow down 
or become destroyed. But there was an extra one - a 
single galaxy falling into a cluster of galaxies, which 
is something that happens over a longer period of 
time - that showed dark matter didn’t end up where 
it was expected. Instead, it appeared that one of the 
dark matter clumps was lagging behind the galaxy it 
surrounded, leaving it some 50,000 million million 
kilometres (31,000 million million miles) away. This 
was an intriguing discovery because it showed dark 
matter may be able to interact with forces other 
than gravity otherwise it would have remained close 
and kept up to speed. “It points to a very gentle 
source tugging at the dark matter, very, very slowly 
for billions of years resulting in an appreciable net 
force,” says Massey. This showed the lag and pointed 
to a possibility of dark matter’'s self-interaction. It 
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Dark matter vs dark energy 


How the universe could end depends on who wins in a cosmic tug of war 


Big Freeze 

Rather than rip apart, there is a theory 
that the universe will continue to 
expand and then simply stop. Dark 
energy will push the universe apart, 
with the energy inside it becoming more 
and more spread out, until it reaches a 
balance point with dark matter. New 
stars will be unable to form because the 
supplies of gas are too thin and there 
will be a uniform temperature. It will 
result in the Big Freeze, leaving the 
universe dead and empty. 


4 The Big Freeze @ 
The universe cools and 
heat death results: stars die 
and matter decays since 
there is no temperature 
difference to allow energy 


to be consumed. . 
o 
3 Continuing @ 
to expand 


As the universe 
expands, the space yy 
between the clusters g 
of galaxies will grow. 
The gases needed for 
star formation run thin. 


2 Period of @ 

expansion | 
The universe has been 
expanding for billions 
of years. It began 
accelerating 6 billion 
years ago and heat is 
being dispersed. 


Astronomer at the University of Hull, 
UK, and Monash University, Australia 


“We know that the universe is expanding and 
accelerating in its expansion. We also know that 
its geometry is all but flat (which means angles 
in a triangle add up to 180 degrees). What we 


don't know is how powerful dark energy is. For 
this reason, the current best bet for me is that the 
universe will carry on expanding forever. If dark 
energy is shown to be stronger, then I'm willing to 
change my mind and opt for a Big Rip instead!” 


20 








































@ 1 The beginning 


As with all theories, 
everything starts 
with the Big Bang 

VV alrelamat-]8)e\-1a(=1¢ moms} 
billion years ago. 


maximum 

The Big Crunch 
theory supposes 
space is a positive 
constant curvature, 
or a closed universe. 
If so, a maximum 
expansion is reached. 


PAN ena 





Big Crunch 

For the ‘Big Crunch’ to occur, gravity would slow 
expansion and drag objects back, collapsing the 
universe in on itself. There would need to be enough 
matter with a density greater than critical density to 
exert the required gravitational force. It would also 
mean dark matter dominating over dark energy. The 
result would be the creation of the largest ever black 
hole - or the ignition of another, reforming, Big Bang. 

































® 6 Start again 
The singularity is 
incredibly dense 
and, in theory, 
it could spark 
another Big Bang, 
starting the whole 
cycle over again. 


5 Astate of @ 
singularity 

The black holes coalesce 
Flatem-MUlalii(=(em 8)F-le@ale) (= 
is created. A very hot 
point is reached. 





® 4 Black hole 
As galaxy clusters 
are pulled closer 
and merge, stars 
explode and black 
holes emerge 
as the universe 
collapses under 
its own gravity. 





® 3 Greater 
density 
The density of the 
universe is greater 
than the critical 
value. Gravity is 
Taleaerkislem-lare 
starts to contract 
the universe. 





Professor of physics at the 
University of California, Davis 
“Since particles have a mass, the universe 
must have a finite volume and time range, 
so it must crunch in the future. The 
current phase of acceleration cannot last 
forever, but is merely a transient phase. 
Dark energy cannot ever remain constant, 
which preordains the universe to collapse.” 





® 1 Universe 
expands 
The universe is 
currently expanding 
and it will continue to 
do so for many more 
billions of years. 
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Big Rip 

It was once widely thought that the gravitational pull of 
the universe would cause its expansion to slow down but 
evidence points instead to an acceleration. Indeed, the 
gravitational attraction of dark matter began to weaken 8 


is not conclusive and more studies are needed, but 
Massey says: “If it’s verified then there is no doubt it 
is very significant.” 

“What we saw was a bit of a mystery,” he adds. 
“We saw the kind of thing that would be predicted if 


® 7 Torn apart 


Eventually everything 








from the galaxies to 
the planets, stars and 
subatomic particles 
\VV(o]0] (oll =a) e)0\-(e-)0)-l 5m 


billion years after the Big Bang, putting dark energy in a 
dominant position. This appears to be pushing the universe 
apart and, if it continues to speed up, the constituents of 
matter could start to separate, causing the Big Rip. 





6 Faster and faster @ ——--- 
Should gravity be 
thwarted in its attempts 
to make the universe 
collapse again, expansion 
would accelerate further. 








_ ——— 65 Accelerating 
. expansion 

. Gravity decreased due 
to the falling density of 
dark matter. Dark energy 
i | began to accelerate the 
. ; universe's expansion. 


3 Dark energy @ 
Around 6 billion 












years ago, the * ~ 
density of dark oa 
energy exceeded — 
the density of ae 


dark matter for 
the first time. 





® 4 Galaxy formation 
The merging and clumping 
of dark matter formed 
galaxies which started 
small and drew in other 
objects to become larger. 


<.@ 


2 Dark matter @ 
Dark matter exceeded 
the density of dark 
energy for billions 

of years. It made up 
about 63% of the 
universe when it was 
just a few hundred 
thousand years old. 


Astronomer at ESO 


“Dark energy competes with gravity (due to matter, 
including dark matter) to determine the fate of 

our universe. Gravity pulls things together, while 
dark energy tries to expand everything away from 
each other even more than it currently does: it 
accelerates the expansion of our universe. How 
fast that happens depends on the nature of the 
dark energy: in the most extreme case, it causes 
everything, including atoms, and finally space- 
time itself, to rip apart: this is the ‘Big Rip’ 








1 The Big Bang ® 
Dark matter and dark 
energy are said to have 
originated at the point of 
the Big Bang, following 
which atoms were formed. 
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dark matter particles were bouncing off each other, 
without actually witnessing it first hand. But it’s 
such an important thing if it’s true that we're busy 
trying to check if there is any other way to cause 
this kind of observational effect that we saw.” 

Scientists ‘see’ dark matter using a precise 
technique called gravitational lensing which relies 
on dark matter's ability to deflect light rays. The 
path that the light follows around dark matter lets 
astronomers map its distribution. “Fortunately big 
lumps of dark matter bump into each other from 
time to time, just as galaxies bump into each other 
as they whizz around the cosmos,” says Massey. 
“So what we've been doing is using the Very Large 
Telescope in Chile to look at those places in the 
universe where lumps of dark matter and ordinary 
material happen to have bumped into each other. 
We watch for the trajectories of dark matter and see 
whether it has slowed down at all and whether it's 
changed direction or converted into something else. 
We also look to see whether some of it disappeared 
in the collision.” Certainly, Massey feels dark matter 
should interact in some way, at a very low level 
at least. “We know that because dark matter was 
created in the first place and so it must have been 
created through some sort of interaction. Even 
in the universe 13 billion years later there will be 
some very low level residual,” he says. In general, 
though, it has been seen that when two galaxies 
collide, they merge without any issue with various 
elements smashing into each other, pointing to the 
gravitational field of the galaxies. 

One thing that can be said for certain is that there 
is a finite amount of dark matter. Dr Massey says 
measurements began being taken ten years ago to 
see how much dark matter there is in the universe 
at different times. “Wherever we look, there seems 
to be a fixed amount of it, just like with ordinary 
matter,” he explains. “But as the universe gets 
bigger, it gets stretched and diluted. Eventually it 
could get so stretched, it pulls itself apart but dark 
matter’s gravity pulls it together. It’s like when you 
throw up a ball and gravity brings it back down 
again, keeping everything nice and steady on the 
ground. If you explode out of the Big Bang, then 
gravity will pull everything back together and keep 
everything intact.” 

But in 1998, an astonishing find was made by 
two teams of astronomers using the Hubble Space 
Telescope. The High-Z Supernova Search Team and 
the Supernova Cosmology Project were studying 
distant exploding stars, or supernovae as they are 
referred to, and noted that they appeared to be 
unexpectedly dimmer. The observations pointed to 
the stars being further away than the calculations 
suggested they should be, especially given that, up 
until that point it was firmly believed the expansion 
of the universe was slowing down. This led to 
the startling conclusion no one was expecting: 
that the expansion of the universe was actually 
speeding up. If we use Massey's example of the ball 
being thrown into the air, this is akin to it being 


PA | 


Dark matter 
| | EE 


propelled upwards and continuing to rise at faster 
and faster speeds forever more. On Earth, gravity 
would pull it back down and in space, dark matter 


exerts a gravitational pull, which should rein in such | $ 

acceleration. So how could the universe be speeding | 

up? After much checking of the data, astrophysicists ma 2 ' ma 
came up with a hypothesis which said the universe | 


was expanding because of a repulsive gravity. 


This has been labelled dark energy. Einstein From the ground and space, astronomers 
had theorised such a thing decades before. His are eynientele a picture of data ‘aria universe 


theory of gravity made mention of a cosmological 
constant which predicted that empty space is able 
to possess its own energy. But while he later called 
the constant his biggest blunder, it has since proved 
not to be. For astronomers believe that, as the 
universe expands, more dark energy appears. The 








The Large Synoptic © Gravitational lensing © 
Survey Telescope Gravitational lensing relies 


Currently being built in Chile, on concentrations of 


orerell sical atc a ms JOe5 60) a0 Geir ERIE the LSST will map the visible matter bending light from 
repulsive force which continues to accelerate the sky using a mix of strong and ne eee 


speed of expansion. Since dark energy is not evenly weak gravitational lensing. It allows astronomers to 
distributed throughout the universe, it has been measure the dark universe. 
shown to ‘override’ the gravitational pull of dark 
matter. These were astonishing findings and it was 
no surprise when scientists Saul Perlmutter, Adam 
Riess and Brian Schmidt shared the 2011 Nobel Prize 
in physics for their work. “There's a pull-versus- 
push thing going on between dark energy and dark 
matter - a titanic tug of war,” says Massey. “But dark 
energy is just as mysterious still and we know even 
less about it than we do dark matter. There are lots 
of big experiments trying to measure both together 
and work out the balance between them and what 
all of these things do.” 

As you would expect, this has a potentially huge 
effect on the universe as a whole. The gravitational 
pull of dark matter is failing to prevent the universe 
from accelerating and so it gets bigger and bigger. 
There is a possibility the universe will expand so 
fast that it overstretches, the consequence of which 
could be the eventual tearing of the universe. This 
is something theorists call the ‘Big Rip’. At the same 
time, dark energy is becoming ever more dominant. 
Today 26.8 per cent of the universe is dark matter, 
around 4.9 per cent is normal matter and dark 
energy makes up the remaining 68.3 per cent. But 
dark energy’s percentage is higher than it used to be 
and dark matter’s percentage is lower. Dark energy 
gained the upper hand around 6 billion years ago 
and dark matter's percentage share will continue to 
fall in relation to dark energy as the latter feeds off 
it. Should this continue, the growth of structures 
such as galaxies could slow. Indeed, in 2011, NASA 
reported that a five-year study of 200,000 galaxies 
stretching back 7 billion years in cosmic time 
independently confirmed dark energy was driving 
our universe apart at accelerating speeds. 

All of which makes the dark universe a 
fascinating study. “If dark matter particles exist, 
then it means we have physics beyond the model 
that we know very well and that explains all 
phenomena we are seeing,” says Pralavorio. “It will 
need new theory to explain this in the next decade.” 
Indeed, dark energy, dark matter and matter/anti- 
matter symmetry is a key direction for 21st century : 
astrophysics. “Dark matter could have a role - dark os The LSST telescope in Chile 
energy for sure could have a higher role. It could a _ ee a a “ecu 
change the field of particle physics,” says Pralavorio. erate 
“And we are not at the end of the surprises.” @ 4 
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Taltele(U(elpt-aaelelom | 
Euclid is an ESA 
mission which seeks 
to map the geometry 
of the dark universe. It 
will launch in 2020. 


% 


Taking snapshots | — ae 


The telescope will feed 
a visible-light camera 
and a near-infrared 
camera/spectrometer. 
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® Plotting the evolution 
By mapping the 3D 
distribution of 2 billion galaxies 
and their dark matter and dark 
energy, astronomers can plot 
the evolution of the universe. 


© Measuring expansion 
The telescope will point to a 
position in the sky to accurately 
measure the accelerated 
expansion of the universe, 
getting a better understanding 
of dark matter and dark energy. 


Hot, warm and cold dark matter 


Cold dark matter 

The cold dark matter theory is favoured 
by most astronomers. It posits that cold 
dark matter particles move much more 
slowly than the speed of light. This 
means they possess lower energies and 
have an increased chance of growing 
hierarchically since they can attract and 
merge with each other, forming large- 
scale structures. 


f 


= 
Warm dark matter 
Warm dark matter sits between cold 
and hot matter. Structures are formed 
from the bottom-up, as with cold dark 
matter where the distribution can grow 
denser and more massive. They also 
form from the top-down, in the manner 
of hot dark matter. Warm dark matter 
particles move at a higher speed than 
cold dark matter but slower than hot. 


r 


Hot dark matter 

Possessing high energy and travelling at 
speeds that are close to or at the speed 
of light, hot dark matter is composed 

of particles with zero or near-zero 

mass and no electric charge such as 
neutrinos. It is a less favoured theory 
since the fast-moving particles are less 
likely to clump together, making early 
galaxy formation more difficult. 
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Dark matter 








ii. 

Do you believe dark matter exists? 
We observe major gravitational effects that cannot 
be justified by the luminous matter - the stars, 
galaxies, hydrogen clouds - that we see. These 
gravitational effects include the classical rotation 
speed curve of the stars around the galaxy centre, 
and also more modern observations like the large- 
scale structure galaxy clusters and observations 
where the light is gravitationally bent by dark matter 
halos around a galaxy. The latter is called micro- 
lensing and it is one of the ultimate proofs that 

the dark universe contains more matter than the 
luminous one. 


How does the particle-physics detector on the 
ISS look for dark matter? 

The Alpha Magnetic Spectrometer (AMS) observes 
the flux - or energy - of cosmic rays. While most of 
the time, dark matter particles just sit in the galaxy 
halo, during a collision between two of them they 
may undergo an annihilation reaction. In such an 
annihilation, the dark matter particles disappear 
and ordinary particles are produced. These ordinary 
particles will decay and ultimately only stable 
particles will survive, namely protons, electrons, 
anti-protons and anti-electrons (positrons). The 
particles produced by dark matter will join the 

flux of the cosmic rays. Given the small ‘natural’, 


F od 








or expected, content of positrons and anti-protons, 
idaleme(6(ebla(o)atelmeeyniuglolela(esmace)snmel-le@nnrluccs 
annihilation might be relevant and then measurable. 


What are scientists looking for? 

The positrons and anti-protons from dark matter 
annihilation will have a characteristic energy 
distribution that is related to the mass of dark matter 
particles. In case of a dark matter contribution to the 
cosmic positrons, we would then expect an energy- 
dependent deformation of the expected positron 
flux. Collecting more data at high energy is very 
important because dark matter is just one of the 
hypotheses able to explain the positron excess. 


The AMS is located on the exterior of the ISS. 
What benefit does this have? 

This location is really important. First, being outside 
Earth's atmosphere allows us to avoid the possible 
background from particles produced in the collisions 
between cosmic rays and the atmosphere. Second, 
clearly having reached the orbit, we do not want 

any additional material above us, so we want to stay 
outside. Third, AMS is considerably large and it will 
not fit inside. 


What do we know so far from data collected 
with the AMS about the origins of dark matter? 


“We're venturing into uncharted territory 
with dark matter. We have KOM lalelsannel 
Nally Gbicsvelaleyars Pll ‘e)alecw |b YolComAlraaeyel 
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The AMS was taken up to” 


the ISS by Space Shuttle 


, 






| Endeavour and installed on the 
i exterior of the’space station 








UNueNS > Catching dark matter on the ISS 


We talk to Paolo Zuccon, assistant professor of physics at MIT, about his hunt for 
the elusive dark matter using the AMS detector on the International Space Station 


At this stage, we can only speculate. The observed 
features might have some dark matter origin but 
they also may not. Furthermore there are very 
different theories about dark matter's nature, so 
there are still a lot of possibilities. If confirmed, AMS 
data would point to a heavy dark matter particle. 


How close are you to confirming this? 

Dark matter particles must be different from what 
we have observed so far using particle accelerators. 
The effort now is to find some properties of these 
dark matter particles, in order to understand their 
nature and possibly open the door for new physics. 


Is it possible that dark matter will not be found? 
It is possible that we may find that the signals we 
observe with AMS are of astrophysical origin, and 
that they are not related to dark matter at all. 
This would also be really interesting, because 

we would have data about new processes in the 
universe. I believe that dark matter is out there. 
Unfortunately the poor knowledge we have about 
its nature makes it necessary to search for signals 
in many directions and only a few of them are 
supposed to succeed. 


How interesting are these studies? 

Dark matter is, for sure, one of the most interesting 
topics to find new frontiers. With the discovery of 
the Higgs boson, we put the cherry on top of the 
cake of the standard model. With dark matter we 
are really venturing into uncharted territory. It is 
tremendously difficult and we have to wander in 
many directions at the same time. But the prize is 
the discovery of new physics. 
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STARLA™ 


Qiick to set up 
Easy to use 
serious viewing 
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80mm objective refracting telescope. 
Sets up in minutes and really easy to use. 
This is a great starter telescope yet has 

all the features to grow with your hobby. 









3” reflecting telescope. Ready to use 
in seconds and so easy. This is a great 
starter telescope. 
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f=900mm d=80mm. 
Standard 1.25” eyepiece fitting 





f=300mm d=76mm. 
Standard 1.25” eyepiece fitting. 
4mm (75x) and 12.5mm(24x) 
eyepieces included. 























1400/150 reflecting 
telescope outfit 
OUT OF THIS WORLD 


6” mirror reflecting telescope with 
full astronomical equatorial mount 
for those taking things a little more 
seriously. 
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f=1400mm d=150mm. Standard 
1.25” eyepiece fitting. 10mm (140x) 
and 20mm(70x) eyepieces included. 
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10mm (90x) and 25mm(36x) 
eyepieces included plus erecting 
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viewing. 
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1000/114 reflecting 
telescope outfit 
MEL Cate WCi ice) aveyiihmiele 


4.5” mirror reflecting telescope with full 
astronomical equatorial mount takes 
just a short time to set up and use. 
(©ig-y-)m(e)miat-mel-\ellalal= im Uesialialemcem(st-ln0 
all the basics of astronomy. Accepts 
all standard astro accessories, so the 
Telesto is ready when you are to go 
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packs away in less space. 
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f=1000mm d=114mm. Standard 
1.25” eyepiece fitting. 12mm (83x) 
nd 20mm (50x) eyepieces included. 
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Explerer's Guide 


Venus 


Our nearest neighbour in space is also the 
most hostile planet in the Solar System 


After the Moon, Venus is usually the brightest 
object in Earth’s night sky - a brilliant morning 
or evening ‘star’ usually seen either in the east 
before sunrise or in the west after sunset. Its 
perpetual loose attachment to the Sun is due 
to the relative positions of planets in the inner 
Solar System - as the second planet, Venus’s orbit 
lies a little way inside Earth's, so it always lies 
in roughly the same direction as the Sun itself. 
For most of the time, Venus is the closest major 
planet to Earth, and what's more, it is also Earth's 
near-twin in terms of size. 

So it might seem reasonable to expect Earth 
and Venus to have a lot in common - but this 
is where the similarities end. For centuries 
astronomers and writers speculated that Venus 
might have a tropical climate and even alien life - 
but today, the planet named after the goddess of 
beauty is often considered ‘Earth's evil twin’. 

This changed reputation is largely due to 
the space-age discovery of Venus'’s scalding- 
hot, dense and toxic atmosphere. The highly 
reflective white clouds that shroud the planet 


How to get there 


boost its brightness as seen from Earth, but 
their composition - a mix of sulphur dioxide 
and sulphuric acid droplets - is highly corrosive. 
What's more, the atmosphere is dominated 
by carbon dioxide, and its surface pressure is 
about 93 times greater than that on Earth. The 
atmosphere traps heat close to the ground, 
resulting in surface temperatures of around 
460 degrees Celsius (860 degrees Fahrenheit) 
- hotter even than those on Mercury - so 
any space traveller stepping onto the surface 
would require a heavily armoured spacesuit 
to prevent themselves being simultaneously 
feiablsjnlcremm ple) i lave mr-balemela le) cae b 

Climate scientists believe that Venus owes 
its present climate to the disappearance 
of water early in its history, followed by a 
runaway greenhouse effect as carbon dioxide 
built up in the atmosphere. What's more, the 
absence of water may also be responsible for 
the fact that Venus lacks tectonic plates like 
those on Earth, resulting in the extraordinary 
geology hidden beneath the toxic clouds. 


3. Towards the Sun © 


With current technology, it’s 
possible to reach Venus in about 
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© 4. Arrival at Venus 
Venus moves along its orbit at 
a speed of 35 kilometres (22 


: four to five months - for the shortest 

ei. Leaving Earth journey along part of a spiral curve, 
_ While a manned Earth departure would need to take 
Venus mission could place a couple of months before the 
theoretically launch direct date of closest approach. 


miles) per second - about five 
kilometres (three miles) per 
second faster than Earth - but 
the transfer between orbits and 
momentum gained during the 







from Earth, it's more 
likely to be assembled in 
Earth orbit and to leave 
from there with a single 
controlled rocket burn. 






2. Shifting alignments 

The distance between Earth and 
Venus varies wildly depending 
on where the planets sit on their 
fo) gb) | Ky @(0)(--] 0) 8) Rey (el g(=Melaals 
every 584 days, at which time 
the two worlds are separated by 
about 40 million kilometres (25 
million miles). 





journey towards the Sun makes 
it fairly easy to match speeds. 


5. Adjusting orbit © — 


After an initial retro-rocket 
burn slows the spacecraft down 
and puts it in a wide elliptical 
orbit, further adjustments 

can be made by aerobraking 
(using friction with the upper 
atmosphere to lose energy and 
(alco) oi nicomr- (0) (=) me) a9) 19» 
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How big is Venus? 


With an equatorial diameter of 12,100 kilometres (7,520 miles), Venus is 
just 638 kilometres (396 miles) smaller than Earth (roughly five per cent). 


Venus 





» s— Venus 


How far is Venus? 


The distance to Venus varies hugely depending on its position relative to Earth. At its 
closest approach Venus can be just 38.2 million kilometres away (23.7 million miles), while 
at its most distant it can be up to 261 million kilometres (162 million miles) from Earth. 


Venus Earth 


64m (210ft) 
apart at their closest if both | 
planets were marble-size 
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Top sights to see on Venus 


While Earth's surface is shaped by a wide variety 

of geological forces - such as plate tectonics and 
erosion, the Venusian landscape is almost entirely 
shaped by volcanism. Venus is home to a much 
greater variety of volcanic features than those seen 
on Earth. The largest, just as on Earth and Mars, are 
volcanic ‘shields’ - shallow-sloped mountains formed 
where lava has erupted through vents in the surface 
over millions of years, solidifying in layers. However, 
Venusian shield volcanoes can grow more than ten 
times larger than those on Earth. This is because 
Venus'’s crust seems to be a single mass rather than 
an Earth-like jigsaw of shifting plates, so volcanic 
‘hotspots’ in the underlying mantle stay in the same 
place relative to the crust instead of slowly drifting 


Active volcanoes? 

While no one has yet caught a Venusian volcano in 
the act of eruption, the detection of fresh ash around 
hot volcanic peaks - such as Idunn Mons shown here - 
suggests activity in the geologically recent past. 


over time. The biggest shields are concentrated in 
two large highland regions - Aphrodite Terra near the 
equator, and Ishtar Terra near the north pole. 

Rolling lava plains, formed by material erupted 
from the shields, cover more than half of the surface, 
while lower-lying areas are relatively smooth, filled 
in with material slowly eroded by the harsh climate. 
Stratovolcanoes (the relatively small volcanic cones 
familiar on Earth) are absent, but there are several 
uniquely Venusian volcano types - flat-topped 
‘pancake domes’, scallop-edged ‘ticks’, radiating 
fissure patterns called ‘novae’, and web-like 
‘arachnoids’. Deep, winding chasms, particularly to 
the south of the equator, look like tectonic rifts found 
on Earth, but in fact they are faults created as the 


Triple crater 

Venus's most spectacular impact feature is the 

DY Tali (o)/-B 4 ne)! |okem- Magoo) Molr-]-)s-4-1-(ep6-|5[0)0) 1 
50km (31mi) wide, formed when a single incoming 
meteoroid broke up in the atmosphere. 


“some 8km (5mi) above the | ig 
average Venusian surface 4 & ¢ 


surface cracked apart due to upward or downward 
pressure on neighbouring volcanic regions. 

Venus's thick atmosphere protects the surface from 
all but the largest incoming space rocks - as a result 
the planet has relatively few impact craters. The 
number and distribution of craters can still be used 
to estimate the age of different parts of the Venusian 
surface, however, and reveals that the entire planet 
was resurfaced in a period of catastrophic volcanism 
around 500 million years ago. One possible 
explanation is that while Earth's plate tectonics allow 
a steady release of heat from the mantle, Venus’s solid 
crust produces a ‘pressure cooker’ effect in which 
heat gradually builds up until it finally escapes in a 
series of worldwide eruptions. 


Spiders from Venus 

Arachnoids combine concentric rings and radiating 
fractures to form a pattern like a spider's web. They 
may be created when rising volcanic material pushes 
the crust upwards, and later subsides. 


Maat Mons..<" 
The second highest volcano ,; 
on Venus, Maat Mons rises 


orming a peak. 
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Venus 





Venus's orbit —_-— “~-.. 


Venus orbits the Sun every 224.7 days at an average ” . 

distance of 108.2 million kilometres (67 million miles). ¢ . 
However it spins on its axis every 243.7 Earth days, so “é ‘ 

its day is significantly longer than its year. What’s more, , ‘ 
Venus spins in the opposite direction to any other planet, f: ‘ 
so according to some conventions, its poles are actually / 117 Earth days 

upside down relative to the other planets of the Solar f = 1 Venus solar day \ 
System. Because its axis of rotation is almost upright 
compared to its orbit, Venus lacks any significant seasons. 


1 Earth year = 365 days 
1 Venus year = 224:7 Earth days 
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Time taken in Earth days 
for Venus to orbit the Sun 
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Tilt of Venus’s axis of rotation strength of Venus s surface ’ 
relative to the plane ofits orbit gravity relative to Earth's Venus s 
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rocket is a fascinating journey that involves 
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hundreds of engineers and billions of dollars 


Written by Dominic Reseigh-Lincoln 


From their humble origins in the Chinese invention 
of gunpowder and fireworks in 700 CE to the 
towering behemoths that hurtle astronauts and 
satellites alike into space, the rocket remains the 
centrepiece of modern space travel. Whether 
they're models designed and used by the biggest 
space agencies in the world, or those constructed 
in the private sector to deliver parts and supplies 
to sites such as the International Space Station, the 
genesis and eventual launch of a rocket takes the 
involvement of hundreds of engineers and years of 
careful planning. 

So where does it all begin? The main foundations 
of a rocket's life can be broken up into a handful 
of key phases: formulation, detailed design, 
and manufacturing and operations. During the 


formulation phase, the broad brushstrokes of the 
architecture and development plans are put in place. 
As part of making these decisions, a large number of 
potential concepts and variations are considered by 
multiple teams working in unison. “The conceptual 
studies on heavy-lift systems have been going on 
at a low level for decades in support of various 
initiatives,” says Tyler Nester, an associate chief 
engineer working on NASA's hotly anticipated new 
Space Launch System (SLS). “The conceptual studies 
that helped shape SLS started in earnest in the 2011 
time period, so there are a number of people that are 
involved in an effort like designing, developing and 
operating SLS as the programme evolves.” 

Early in the design of a new rocket, the emphasis 
is firmly on conceptual ideas. During this phase 
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NASA workmen lower the 
nose cone into place on a solid 
rocket booster at the Marshall 

Space Flight Center, Alabama 
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How to build a rocket 


of pre-production, programmes typically need a 
lower level of staffing. The detail of the design and 
analysis work increases as the number of concepts 
under study gets narrowed down to a smaller figure. 
“The number of people that need to be involved can 
vary depending on the planned flight rate,” reveals 
Nester. “As programmes transition between phases, 
people's jobs tend to evolve based on what is needed 
during that phase. The current plans show a desired 
first flight date a little less than seven years after the 
[Space Launch System] programme started in 2011.” 
At this stage an important decision has to be made 
regarding a rocket's future: will it aim to operate as a 
reusable vehicle (where its components are directed 
back into the sea or onto specialised platforms) or 
will it aim for the more traditional one-use system 
(where a rocket's many parts are usually lost in 
re-entry or left to drift in space). Such a decision was 


a key point of discussion at the earliest formulation 
stages of the SLS programme, but in the end like 
many other rocket programmes operated by NASA 
and the ESA, the expendable route was chosen. 

But what's the rationale behind such a decision? 
Interestingly, the most obvious factor of cost isn't 
as one-sided as you might think. “The decision 
on expendable versus reusable hinges on how 
reusability impacts performance, cost and reliability,” 
says Nester. “For the cost piece of the puzzle, the 
recurring, non-recurring, fixed and variable portions 
of the cost need to be considered. Reusability is a 
great concept, and the Shuttle programme realised 
some cost savings via reusability. 

“For SLS, even though some of the hardware is 
the same hardware as the Shuttle, the differences in 
flight rate and application are such that reusing these 
components was predicted to result in an increase in 


“For programmes like SLS, the designs 
solidify as they progress through the 
detailed design phase” 
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The world’s greatest rockets 


How does NASAs SLS compare with some of history's mostimportant launchers? 











programme cost (as opposed to generating a savings 
on the Shuttle programme). For our application, the 
balance of considerations showed that the ‘costs’ of 
reuse weren't justified by the benefits,” he adds. 

Now that the main elements of the rocket's design 
have been formulated, a more detailed design is 
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ee eo Ariane 5 Atlas V DeltalV Heavy __ Falcon9 Vega 

| Years of operation | 1981-2011 1996-2009 2002-present 2002-present 2010-present 2012-present From 2018 
/Height (ft)  —_—i| 184 171 191 235 224 98 384 
Solid =———sCLOX/LH2 RP-1/LOX LH2/LOX LOX/RP-1 HTPB (Solid) LH2/LOX 
Thrust (bf) | 1,180,000 310,000 CEE R EL 710,000 1,700,000 508,300 1,670,000 


‘Payload to LEO (tn)|_ 24.4 21 18.5 29 13 14 130 


Used for Satellites, probes and Satellites Satellites Satellites Sa Satellites Manned missions 
manned missions 


Destinations ale ]e) 8) (=o) 8y-[a-) 
Telescope, International 
Space Station 








Low-Earth orbit | Low-Earth, Sun- 
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Low-Earth and Sun- 
synchronous orbit 


Low-Earth orbit, 
geostationary 
transfer orbit 


Geostationary 
transfer orbit and 
long term orbit 


Beyond low- 
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needed. NASA's Space Launch Project, unlike almost 
any other modern rocket programme, makes this 
specific design process even more complicated. The 
plan is to split the rocket’s programme into three 
separate phases known as ‘blocks’. These phases 
‘Block 1, ‘Block 1B’ and ‘Block 2’ are all based on the 
Same central core and set of four rockets, but each 
one has unique characteristics that will define each 
stage of the programme's post-launch life cycle. 

For instance, the second phase 1B will employ 
a more powerful second segment known as an 
Exploration Upper Stage that will aim to take teams 
of human astronauts farther into space than ever 
before, most notably those that will man NASA’s 
Orion spacecraft. The decision to design three 
iterations of the same rocket may seem a strange 
one, but it’s emblematic of the desire to take manned 
missions beyond the Moon. 

“For programmes like SLS, the designs solidify as 
they progress through the detailed design phase,” 
says Nester on whether these designs are set in 
stone from the start or shift as new developments 
are made. “Based on when the system's blocks are 
projected to be needed, the different blocks are at 
different phases in the typical programme life cycle. 
For each block, we assess the potential implications 
on the parts that will be common across the blocks. 
For the evolutions that could occur in the nearer 
term, more and more of the details are being finalised 
each day. These details will all be finalised as we get 
closer to manufacturing the different elements of the 
evolved configurations." 

In many cases, a rocket's design will often 
draw upon certain characteristics from previous 
programmes. And while this practice is there to 
ensure the advances made elsewhere are retained 
and refined upon, it’s also a vital way to keep costs 
from spiralling out of control. In some cases it’s not 
just the amalgamation of previous developments, but 
the inclusion of actual components from cancelled 
or retired projects. Since a new rocket programme is 
often designed as much for its cost effectiveness in 
comparison to current launch programmes as it is the 
potential scientific possibilities, using existing parts 
has become commonplace. 

A total of 16 RS-25 engines from the defunct Space 
Shuttle programme have been incorporated into the 
SLS's design (15 of which have been used in previous 
Shuttle missions). Elsewhere, a majority of the metal 
hardware used for the programme's five-segment 
rocket boosters were also used on the Shuttles, 
whereas the interim cryogenic propulsion system 
(which will be located in the Upper Stage of the 
rocket, propelling the Orion spacecraft above it) has 
been incorporated from the Delta IV rocket (a vehicle 
still in use today). In fact, the SLS has even integrated 
the booster avionics, engine controller and core stage 
systems from the Ares programme. It's a common 
practice in both national space agencies and private 
manufacturers such as SpaceX and one that's driven 
rocket design since the earliest iterations. 

It's now that a rocket enters the manufacturing 
and operations stage of its life cycle. The definitive 
blueprints for the rocket are now sacrosanct, detailed 
down to the last bolt, cut and wire. Everything from 
materials required to the amount of man hours 
needed to construct, test and eventually launch 
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The Soyuz TMA-16M spacecraft being 
assembled at Baikonur Cosmodrome, 
Kazakhstan on 24 March 2015. Four days 
later it would take the Expedition 43 
crew to the International Space Station 
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. © Engineers oversee the 
_ Welding of a liquid 
hydrogen fuel tank for 
4n Ariane 5 rocket in Les 
Mureaux, France 


33 


How to build a rocket 


the rocket are determined years in advance so @ e 
construction of its composite parts can begin. And 
for Nester and the rest of the team working on the 


SLS, learning from past projects is key to building 


the composite parts of a rocket. “We are using a What sels dala Space \Plblaeal system 


lot of lessons learned from previous programmes 














in our efforts to streamline the development the most jpeioaul rocket ever made? 
and manufacturing processes. For example, in # RS-25 engines Core stage a 
erate as have applied lessons trom lean Previously used as the The first and largest element of the 
manufacturing to improve our manufacturing | main engine of the SLS, the core stage is 61m (20Oft) tall 
operations and reduce our manufacturing costs.’ Space Shuttle, four and contains cryogenic liquid hydrogen 

In some cases, rockets are built and tested in | RS-25 engines will and liquid oxygen that will mix and feed 


different locations, with multiple teams assembling | power the core stage the four RS-25 boosters beneath it. 
payload constructs while others test and refine | of the SLS. 
boosters. For projects on the magnitude of the Space 
Launch System, every facet of the rocket is being 
constructed and rigorously tested on one huge site, 
namely the Michoud Assembly Facility in New 
Orleans, Louisiana. The facility itself is one of the 
largest of its kind in the world, with a staggering 17 
hectares (43 acres) housed under one roof. It's so big 
in fact, engineers such as Nester have to use bicycles 
just to reach different divisions. 

And many of those divisions are now using 
new advancements (and enduring procedures) to 
create the most resilient and affordable materials for 
everything from the rocket's outer shell to its internal 
circuitry. “One of the most important considerations 
is understanding the environments in which the 
system will need to operate and designing the 
system to operate in those environments,” explains 
Nester. “This is true for the ascent phase portions 
of the mission and for the in-space portions of the 
mission. The analytical and testing tools that are 
being used are critical to making this process work. 
The advances in computer-aided design (CAD) and 
computer-aided engineering (CAE) technology has 


> —— -_ 

been a key enabler to enabling us to design and —-— 8 8=|6ll Al —e 
analyse the system.” 

According to Nester, the new elements of the — 

system are being designed to take advantage of \ \ 

developing manufacturing technologies (such ‘Ww 

as new joining/assembly innovations, additive | 
manufacturing etc) as well as the use of 3D printing, within the Core stage, this tank 
as “the combination of new design technologies and cantainathe caer clement 


the new manufacturing technologies enables us to needed to fuel the RS-25 rockets 
consider things that were previously not possible.” below - cryogenic liquid hydrogen. 










LH2 tank ® 


The largest of the components 


highest profile payloads , 
onthe SLS'’sschedule |. 


| 


| Inorder to test the heat 
stress the rocket will endure 
during its launch, scientists 
often build scale models 
as this one of the SLS 
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Forward skirt @ Spacecraft adaptor ®@ ® Encapsulatedservice | @Launch abort system 
Built by ATK in | The final element of the | module panels - Built purely for 
Promontory, Utah, this Orion spacecraft, the These panels, comprised emergencies during 
element connects the spacecraft adaptor is — MEININACMRnie cere launch, the escape rocket 
Core stage of the rocket designed to create an airtight fibreglass, are jettisoned is there to propel a 
with its twin rocket lock between the craft and once the final stage of the - manned crew to safety in 
boosters on either side. the remainder of the rocket. — rocket’s launch is initiated. the early stages of launch. 









® Crew module 
This element of the 
Orion Multi-Purpose 
Crew Vehicle holds 


@Service module _ the crew itself, 
Another main and providing space for 















| aN long-term component “PtP a ial astronauts 
® Large vehicle of the Orion spacecraft 9 !lve and operate. 
stage adaptor is the Service Module, 
Serving a similar function — which hosts most of 
sa as the spacecraft adaptor the craft's instruments, 
| | , that links the third and fuel and solar panels. 
@ Interim cryogenic — second stages of the SLS, 
| propulsion stage this larger element breaks 
ne As its name suggests, away when the first and 
-_ ss | ——" LOX tank this interim propulsion second stages separate. 
— — “eS A Built primarily on system exists to power 
— ts cite at the Michoud the final stage of the 
|. Assembly Facility in rocket and is based 
we : New Orleans, the liquid ona similar blueprint 
oxygen tank will feed created by Boeing. 
this fuel element into 
the four RS-25 engines. 
@ Intertank Am oe | | e 
 Gestznme -«@Sdldrocketboostes, «= MOW a rocket engine works 

of components The Space Launch System 

incorporated from the will be using two separate 

defunct Space Shuttle boosters to power its launch Before laut ich, boosters 

programme, the intertank into the Earth's upper 

feeds fuel loads between atmosphere, contributing to such as those that belong 

the LOX and LH2 tanks. __its 70-metric-ton capability. to the Saturn V, must go 


through several stages 
Getting pumped 


Keeping the weight of a rocket to a minimum is 

vital to getting it in the air. To do this, the fuel 
and oxygen propellants are liquified with extreme 
cooling. The pumps begin by sending these to the 
combustion chamber. 


Fuel injection 
On its way to the turbo pump, the fuel is 


then syphoned through coolant passages. 
The newly pressurised fuel then passed over the 
turbine, causing it to rotate. 


Fired up | 
The fuel and oxidiser components are 
pumped into the combustion chamber proper 
where they're superheated into a high-pressure gas. 


Chain reaction 
VA\ As the gas is squeezed through the throat 


|_ of the combustion chamber and out of the 
nozzle it creates thrust, which pushes back up 
towards the chamber lifting the rocket. 
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How to build a rocket 


New advancements in 
manufacturing, such 

as NASA's 51.8m (170ft) 
tall Vertical Assembly 
Center, have helped build 
rockets faster and safer 


Modern rockets capable of carrying everything 
from supplies to a manned mission are composed of 
multiple ‘stages’ that are designed to systematically 
power a given payload out of the Earth’s atmosphere 
and towards a designated region of space/point of 
orbit. The lower stage is the largest, containing the 
biggest thrusters and thousands of litres of fuel 
(types of fuel differ, but most use a mixture of liquid 
oxygen and kerosene) it is designed to produce a 
gargantuan amount of thrust in order to lift a rocket 
off the ground and into our atmosphere. 

For rockets designed to carry multiple types of 
payload over its life cycle, ensuring the lower stage 
is capable of lifting the varying weight (and the 


forces this generates) is a key factor for consideration. 


“Depending on the needs of a particular payload, 
we may change the fuel loading to optimise for a 
specific case,” adds Nester. “In some cases, options 
for adding small amounts of propulsive capability as 


part of the payload are possible. The different ‘blocks’ 


“We're using a lot of lessons learned from 


md | 
z 


wf 


mm 
.~\ oy - 
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SpaceX currentlyusesits. ——~ 
Falcon 9 rocket, along with the 
Dragon capsule, to resupply the _ 
International Space Station 


—_ 


realise increased capability by incorporating groups 
of upgrades as a ‘block’ changes." 

Many rockets, including the Delta IV rocket 
are composed of one additional segment, with 
the second stage (or Upper Stage) constructed of 
additional boosters, a structural shell and the payload 
itself within (these are mostly used to send satellites 
into orbit and are far easier and inexpensive to build/ 
launch). For larger and more ambitious projects 
such as the SLS, a special three-part setup has been 
used. While the factor of cost will always temper the 
fires of innovation to a degree, many scientists and 
engineers working in the field believe three-stage 
rockets such as the Space Launch System are key to 
taking manned missions beyond the Moon and into 
the Solar System proper. 

And so, after years of research, testing and 
manufacturing, the multiple stages of a rocket are 
constructed and the rocket itself is prepared for 
launch. Launch sites such as NASA's Kennedy Space 


previous programmes to streamline 


development and manufacturing” tyier nester 
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Boosters, such as this 
one being prepped 

for a test at Orbital 
ATK’s facility in Utah, 
are rigorously tested 
throughout production 





Center in Florida and the European Space Agency’s 
Guiana Space Centre in French Guiana house 
multiple platforms that can be customised to meet 
the dimensions of a given vehicle, although private 
manufacturers such as SpaceX have been testing the 
feasibility of sea-based launch platforms. 

For something as monolithic as the SLS, NASA 
engineers had to go as far as building a brand-new 
one in preparation. “Our partners in the Ground 
Systems Development and Operations (GSDO) project 
at KSC are putting in place the facilities to assemble 
and launch SLS,” adds Nester on the subject. “They 
are basing their designs and plans on a careful study 
of best practices from across the industry.” Launches 
themselves take years of planning, but are often the 
swiftest phases of the rocket's life cycle thanks to 
rigorous test flight initiatives. 

So far in 2015, 55 rocket launches have been 
conducted across the globe. Of these 55, 52 were 
successes (with two major failures and one partial 
failure). Thankfully, the rate of astronaut fatalities 
caused by malfunctioning rockets has steadily 
reduced as advances in safety measures take hold. 
Projects such as the Space Launch System, and 
others such as the Vega, Ariane and Atlas rockets are 
ushering in a new era of spaceflight as man reaches 
further and further into the heavens. @ 
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Enceladus 
slobal ocean 


Last month, we received 
concrete evidence that 
the Saturn moon hosts 
a vast expanse of water 
under its crust. 

All About Space caught 
up with Carolyn Porco 
of NASA's Cassini 
mission to find out more 
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Interviewed by Gemma Lavender 


After we discovered the geysers on Enceladus, 
why did it take all of this time to find their source? 
Other than to look for plumes coming off Enceladus, 
which we first saw in February 2005 in a set of 
images designed to look for [these ejections], we had 
no other plans in the nominal four-year mission for 
specific observations of geysering activity. How could 
we? We weren't sure [the ocean] existed. So once 

we found them, we altered the nominal mission as 
much as we could to get a closer look and, of course, 
we designed many observations in the extended 
mission to develop a much more complete picture 
about the phenomenon. This included a set of flybys 
to measure the mass distribution within the outer 


Enceladus’ global ocean 


layers of the moon in the south polar region, as well 
as very high-resolution images of the geyser field and 
Enceladus’ surface. 

It wasn't until 2013, at which point the gravity 
results were adequately analysed, that we had 
confirmation of a liquid layer about ten kilometres 
(6.21 miles) thick under the south polar terrain. We 
realised that it was at least as wide as the south 
pole region, but a global ocean couldn't be ruled out. 
Under certain reasonable assumptions, some analyses 
suggested it should be global. But that conclusion 
didn't carry a high degree of confidence. 

As we Saw, it wasn't until last month that my team 
members finally finished their work utilising our 


Porco leads the imaging team 
of NASA’s Cassini mission 


Carolyn Porco 
Carolyn Porco is an American 
planetary scientist who leads 


the imaging science team on 
the Cassini mission, currently 
in orbit around Saturn. She's 
the founder of The Day the 
Earth Smiled, which took 
place in 2013 when Cassini 
imaged Saturn, its entire ring 
system, and the Earth during 
an eclipse of the Sun. Porco 
is alSO an imaging scientist on 
the New Horizons mission. 
She has won a number 

Of awards and honours 

for her contributions to 
Science including the Carl 
Sagan Medal and was named 
one of the 25 most influential 
people in space by 

Time magazine in 2012. 
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Interview Enceladus’ global ocean 


high-resolution images of the surface. We managed to 
tease out a small wobble in the rotation of Enceladus 
that is best explained by a global ocean. 

These analyses are all, at this stage in the mission, 
very sophisticated, requiring more than just a look/ 
see engagement with an image, but a lot of work. 
And good, careful work takes time. 


Cassini is the first spacecraft to 
enter into orbit around Saturn 
and is currently studying the 
gas giant and its moons 


Could you tell us a bit more about the techniques 
used to find the ocean? 

The first confirmation that there was a liquid layer 
about 35 kilometres (21.75 miles) below the south 
polar terrain came from the gravity signature. The 
distribution of mass under the south polar terrain 
was detectable by carefully tracking the motion 

of the Cassini spacecraft as it flew closely over 
Enceladus’ south pole. Doing three such flybys 
allowed the gravity team to figure out that the water 
layer had to be about 35 kilometres (21.75 miles) 
beneath the surface and about ten kilometres (6.21 
miles) thick. 

The confirmation that the ocean is global came 
from noticing how the rotation of Enceladus was not 
uniform but sometimes slightly faster and sometimes 
slightly slower. To do this, my team members were 
using features on the surface as benchmarks - kind 
of like painting a white stripe on your car tyre - and 
comparing the positions of the features at various 
times to see how they compared to where they 
would have been if there were no wobble. 

And the magnitude of the wobble indicates 
something about the interior - in particular, 
whether the ice shell moves independently of the 
core or is attached to it. In this particular case, 
they found that the ice shell has to be moving 1 , | : , 
independently and that can only be the case if it is ) 3.) i) ce ey ih || : 


it . na SLL is likely to “We INdaNdage to lease Out d Small 
niente wobble in the rotation of Enceladus that 


We know from those instruments on Cassini that 


have sampled the Enceladus plume that the source of 1S best explained by d global OCe2h 





Porco conceived the Day the Earth Smiled, 
which saw the Cassini spacecraft turn to 
image Saturn and Earth in July 2013 
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the ocean is mostly water, with trace amounts of salt 
and organic compounds. 


Does the confirmation of an ocean make 
Enceladus an additional target for life? 

Once we knew Enceladus had any liquid at all, but 
especially that it’s liquid is in contact with a core, we 
knew it was a target for searching for extraterrestrial 
biology. So we've known. that for quite a while and 
for about ten years. This new observation, however, 
makes the story richer, and may tell us that there 

is more energy being injected into Enceladus over 
the course of time than we had previously thought. 
So if it does anything, it may mean that any living 
organisms there may have had a longer time to 
evolve than we originally suspected. Maybe when 
we get back there to look closely, instead of finding 
micro-organisms, we'll find lobster and sushi! 


If you could hazard a guess, what do you think life 
on Enceladus would be like? 

It’s fair to say we all have micro-organisms on the 
brain. I'd fall off my chair, assuming I'm still able 

to sit on chairs when the time comes, if there were 
anything as complex as shrimp or sea horses. [If that 
were the case] wow, that would be a stunner. 


Similarly, we're interested in Jupiter's moon 
Europa for its oceans. Is there now going to be 
difficulty in deciding which moon we should send 
a mission to first? 

In my mind, Enceladus was the clear winner if the 
goal was to sample an extraterrestrial habitable 

zone - a candidate environment for life - as soon 
and as easily as possible. Why? The operative word 
with Enceladus is accessibility. You don't have to 
land, scratch, drill or bunker your spacecraft in lead 
[to protect it from radiation] in order to search for 
evidence of life. However, other factors like political 
and technical momentum won and a mission to 
Europa was chosen and is now under way. So I say: 
great! Now that we have that mission out the door, 
the next one in line needs to go to Enceladus. A lot 
of curious minds want to know if there are microbes 


snowing at the south pole on that lovely little ice ball. 
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Would a mission to Enceladus be similar to the 
Europa Clipper? 
The next mission, the Europa Clipper, will essentially 
bring our knowledge of Europa up to the same level 
as that of Enceladus, which we have been studying 
closely now for 11 years. We need to complete the 
mapping of [Europa’s] surface in visible and near- 
infrared wavelengths to see if there is any thermal 
emission coming from the surface among other 
things - all of the things we've already done at 
Enceladus with Cassini. 

If Europa has plumes, the Clipper will carry 
instrumentation to sample them, though at the 


Enceladus’ global ocean 


moment it seems there are no plumes so it’s now not 
clear how effective that will be. 

A group of us have planned a small Discovery- 
class mission to return to Enceladus. We aim to do 
one thing and one thing only: fly through the plume 
repeatedly with only a few instruments to collect 
samples and look for chemical evidence of life. If that 
mission is chosen, that’s what the next mission to 
Enceladus will look like. Assuming we haven't found 
the place to be as dead as a door, the only thing that 
makes sense would be a more sophisticated mission 
to do both in-situ sampling and to return a sample to 
Earth. I hope I live to see the day! @ 








(Above) Carolyn Porco and the Cassini Imaging Team; (Below) An artist’s impression of Cassini flying through 
Enceladus’ geysers, which were discovered by the spacecraft in the moon's south polar region in 2005 


Porco believes its liquid ocean 
should make Enceladus a 
leading contender in the search 
for extraterrestrial life 
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Focus on LISA Pathfinder 


yA’ 
eldalsteelae 
repares 
omeritiaesl 


With less than two 
months until launch, the 
revolutionary spacecraft 
takes its final exams 


The first part of one of the most precise space 
missions ever planned is set to launch this autumn 
to put to the test technology designed to find 
elusive gravitational waves, which are ripples in the 
fabric of space-time that come from colliding black 
holes and neutron stars. The mission, named LISA 
Pathfinder, is a prototype that will pave the way for 
the full LISA, or Laser Interferometer Space Antenna, 
mission next decade. We can see the Pathfinder 
here undergoing testing at a European Space Agency 
centre in Germany. 

The plan for the full LISA mission is to have 
three spacecraft that each fire highly accurate 
lasers at each other to measure their positions 
exactly. The theory is that whenever a gravitational 
wave ripples by, it will cause the spacecraft to 
move slightly, altering their distance from each 
other. The Pathfinder will take into space two test 
46-millimetre (1.8-inch) gold-platinum cubes that 
will be in perfect gravitational free fall and laser 
sensors will measure their position to high precision 
to test how well the laser-measuring system works. @ 
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The science module of 

LISA Pathfinder about to 
undergo thermal tests at the 
IABG facility in Ottobrunn, 
Germany, in March 2015 
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They're made in 
Star explosions 


Magnetars are a type of neutron star, some of the 
densest objects we know of in the universe. They 
are made from the explosion of a star with a mass 
4O times that of the Sun. The collapse causes its 
magnetic field to increase. and the star's rotational 
and thermal energy contribute to a dynamo effect. 


Starquakes 
are rampant on 
their surface 


The huge magnetic force can deform a magnetar's 
surface, resulting in stellar tremors that lead to 
powerful gamma-ray flares, capable of destroying 
the ozone layer of Earth from a distance of ten light 
years and wiping out all the life on our planet. 


www.spaceanswers.com 









Get close enough 
and they will 
destroy you 


If you were unlucky enough to be a seemingly 
distant thousand miles away, a magnetar's magnetic 
field would warp the atoms in your body, while the 
exceedingly strong gravitational forces would make 
very short work of crushing you. 


Magnetars are a spinning 
type of neutron star 

with a diameter of 20km 
(12mi), a very strong 
magnetic field and bursts 
of X-rays and gamma rays 


difficult ive 


These extreme objects are very rare and it’s believed 
that out of every ten supernovae, one magnetar 

is made. To date, we have only managed to find 

just over 20 with the help of the Chandra X-ray 
Observatory. The very first was detected back in 
1979 in the Large Magellanic Cloud. 
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They can wipe all 
the credit cards in 
danlomneacel 


AVVoida le: Wanteteantciuema (oem ROLOOmaalli(oyemulenscmentlmee 
Earth, a magnetar located halfway between the 
Moon and our planet is so strong that all credit cards 
would be erased and pens with even the slightest e 
hint of metal would be sucked out of your pocket. 3 
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Why is Mars so popular? 


Why is 
Joys ofe)0)6 


We're so fascinated by the Red Planet 


that people are willing to settle 
there permanently. Find out why we 
DLSIRSISUA AVALOS ER BNISISI(O)RISMUOMNY eles 


In 1960, the Soviet Union chose Mars 
as its target for the first interplanetary 
probes. Although they failed, these 
attempts were just the first of decades 
of Mars missions. The first successful 
flyby took place five years later with 
NASA's Mariner 4, which sent back the 
first pictures of the Martian surface. 
Since then, more ships have been 
sent to Mars than any other planet 

in our Solar System, and more than 
half of our total attempts to visit Mars 
have failed. Even some of the more 
recent missions haven't made it, yet 
we persist. Luckily we've learned a lot 
from the successful missions to Mars, 
and we're striving to learn more about 


this inhospitable, but intriguing planet. 


So far we know that Mars has an 
average temperature of -63 degrees 
Celsius (-81 degrees Fahrenheit). Its 
atmosphere contains mostly carbon 
dioxide and water vapour, and it has a 
gravity that’s less than half that of the 
Earth's. Mars does have some things 
bo m@o)antence/s mi sidsmolebane)r-lelcimmuslolercdan 
For example, it is tilted on its axis, has 
a 24-hour day, and has seasons. It is 
also the closest terrestrial planet with 
a hospitable atmosphere. Our closer 
neighbour, Venus, has a constant 


Successes and failures by decade 


Success rate since 2000: 85% 
Overall success rate: 44% 
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temperature of around 460 degrees 
Celsius (860 degrees Fahrenheit) 

and a toxic, hazy atmosphere that 
makes it difficult to determine what's 
happening on the surface. Not exactly 
a friendly place to visit. 

The biggest source of fascination 
with the Red Planet has been the 
search for water. We have long 
speculated that Mars was once a 
wet world due to the discovery 
of formations on the terrain that 
looked as though they were created 
by floodplains and flowing rivers. 
However, in an exciting new 
development on 28 September, 
NASA announced that its Mars 
Reconnaissance Orbiter had found 
evidence of periodic flows of liquid 
water on Mars’ surface. Since water is 
integral to life on Earth, the presence 
of water on Mars could mean complex 
life once existed there too. We explore 
space in part to find out if any other 
life forms exist, so the possibility 
that it might have resided on Mars is 
enough to keep us going back. Mars’ 
potential to sustain life is also why 
some people are willing to entertain 
the idea of creating colonies and 
settling there permanently. @ 
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Missions by country 
— = USA: 21 (15 successful) 

— Russia*: 19 (3 successful) 
cy Japan: 1 (failure) 

esa ESA: 1 (partly successful) 
ara Chinat: 1 (failure) 

a India: 1 (successful) 

- UAE: (1 mission planned) 


*includes both USSR(* __) and Russia 
tT joint mission with Russia 
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4 August 2007 


Mars Polar Lander 
and Deep Space 2 
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FT ale Co) e=|0) i 3 
24 October; 1, 4 
November 1962 
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Why is Mars so popular? 








Past, present and future missions to the Red Planet 





“2001 Mars Odyssey 
7 April 2001 
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Mars Express 
2 June 2003 

















‘ Mars P{avqe) al arelccrela(@cm@)aeyinzls 
‘ 12 August 2005 
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Mars Orbiter Mission 
lo \\ (e)".=10 0101-1040) 3 





MAVEN ® 
18 November 2013 







InSight 
March 2016 
Rovers 


Mangalyaan 2 
2018-2020 


© Ed Crooks; Rebekka Hearl; Nasa 
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All About Space reveals the scariest 
Stars, planets and galaxies lurking in 
the corners of our universe 


Space has been an inspiration behind the clouds, religious icons in our food, 
Jniebnut-velanhvadele)(oscavm@ coma atelbicratels and constellations in the night sky. 
of years, and with a little help from The universe really is a dangerous 
technology, we are capturing some place, where massive galaxies swallow 
images that really bring these legends up their neighbours and greedy stars 
to life. However, far from being feast on their close companions. But 
evidence of the supernatural at work, with the power of pareidolia, it also 
the spooky space images that we are has witches and ghosts made from 
about to show you are nothing out of glowing gas, zombie stars and winking 
the ordinary. demons. Our own Sun has even 
Humans can't help but try to find transformed into a grinning pumpkin. . 
meaning in meaningless shapes, and Our universe has it all. Read on for : 
the phenomenon even has a name - our pick of the most terrifying space 
‘pareidolia’. It is why we see faces in 0) b) (eles 
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CoRoT-7b is one of the most Earth- orbits at around 2.5 million kilometres mass similar to Saturn. It originally 
like planets ever discovered, but this (Gow nabs bleysmantl(ac) ome lOmaten(ocm@leos orbited around 50 per cent farther 
alien world is no place for a human. than the Earth is to the Sun. This away from its star, but the searing 
Just over one and a half times the journey takes just over 20 hours, heat stripped away the outer layers of 
size of our own planet, and almost and the planet skims so close that its gas. The planet is thought to have lost 
five times the mass, CoRoT-7b more surface melts under the daylight and several Earth=masses of material, and 
closely resembles a depiction of hell the rocks boil away into space. it decreased in size, gravitational tides 
than a second home. Its star, CoOROT-7 Scientists think CoRoT-7b could changed its orbit, bringing CoRoT-7b 
is younger than ours, and CoRoT-7b once have been a gas giant with a even closer to the heat of its star. 
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The wispy halo of the Little Ghost 
Nebula surrounds a white dwarf star 
in the direction of the constellation 
of Ophiuchus. The white dwarf emits 
high-energy ultraviolet radiation, 
which slams into the clouds of dust 
and gas surrounding it, exciting 
the particles and causing them to 
glow. The main ring is made from 
a combination of ionised hydrogen, 
oxygen and nitrogen, and each emits 
different wavelengths of radiation. 
The Little Ghost is a planetary 
nebula, created as the star at its 
centre ran out of fuel. In fact, it’s a 
ghostly premonition of the fate of 
our own Solar System. 


Images of two UV wavelengths are coloured gold and 
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yellow, producing an eerie pumpkin-like Sun 





Pigd (on Gales 
Nebula 


Once similar in size to our own 


Sun, the star at the heart of the Little 


Ghost Nebula ran out of hydrogen 
fuel, and as it switched to using 
helium, the temperature soared. The 


intense heat caused the star to swell, 


forming a red giant. 
The red giant tore through its 
supply of helium quickly, generating 


carbon in the process. The heavy ash 


crunched down towards the core of 
the star, and as it tumbled inwards, 
some ignited, producing shocks that 
jettisoned the outer layers of the 


atmosphere into space. The dust and 


gas that spilled out formed the Little 
Ghost Nebula. 
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Life cycle of a white dwarf 


~\ 


Protostar 


7 
Main sequence star 


7 


Red giant 


Helium burning star 


— 


Double-shell burning red giant 





Planetary nebula 


. 
White dwarf 


3 Jack-o’-lantern Sun 


NASA’s Solar Dynamics Observatory is 
using three high-tech instruments to 
study the Sun's activity - one tracking 
ultraviolet radiation, one measuring the 
magnetic field, and another capturing 


images of the atmosphere. In October 
2014, it watched as our star put on a 
Halloween mask. 

The temperature and pressure at 
the core of the Sun are so intense that 
atoms slam into one another and fuse, 
releasing huge amounts of energy. This 
powers the movement of streams of 
plasma - gas so hot that it has broken 
apart to form free charged particles. The 


movement of these charged particles 
transforms the Sun into a powerful 
magnet. The bright areas in this picture 
represent extreme ultraviolet light 
released in areas of intense magnetic 
pressure. The magnetic field lines 
inside the Sun are always moving, and 
sometimes areas of extreme magnetic 
pressure build up. This is similar to 
trying to force the north poles of two 
bar magnets together, but on a massive 
scale. Some of these regions of pressure 
burst through the surface of the Sun, 
taking streaks of plasma with them and 
forming visible sunspots. 
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In Arabic, ‘al Ghul’ means ‘the 
demon’, and this sinister star lives 
up to its name in constellation 
mythology. It makes up the 
head of the Ancient Greek 
snake-haired monster Medusa 
in the coristellation Perseus, and 
every few days its light dims 
dramatically, before returning to 
normal, as if Algol were winking 
at the Earth. 

However, this gesture is far less 
sinister than it seems. It happens 
becausé Algol is actually a.three- 
Star system, and two of the stars 
are orbiting extremely close 
together. From Earth, we see 
their orbits edge-on, so at regular 
intervals, one star passes in front 


of the other, blocking our view. 
Most of the light we attribute 

to Algol is produced by a bright 
blue star, with a small proportion 
(coniualoleiccem oyvar Mennenten (sm care Gs 
yellow star. When the blue star 
passes in front of the yellow star, 
we barely notice the difference, 
but when the yellow star blocks 


our view of the blue star, the light. 


changes dramatically. 

Although Algol is not actually 
a winking demon, there is 
something sinister going on out 
there. The two stars are so close 
together that one is stealing 
gas from the other, like a stellar 
vampire sucking the life from 
its victim. 


Apparent magnitude 
3.5 3.0 2.5 2.0 


Primary eclipse 


1 2 
Time (days) 
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According to NASA, supernovae are 
the largest explosions in space, and 
new evidence suggests that some 
might leave behind zombie stars. 
Type Ia supernovae happen in 
binary star systems where a white 
dwarf star is stealing hydrogen 

gas from its companion. As more 
and more matter accumulates, the 
white dwarf can become unstable, 
leading to a dramatic explosion that 
completely destroys the star. 

Type II supernovae are more 
dramatic and are caused by the 
death of a massive star. As it runs 
out of fuel, the star crunches in 
on itself, releasing vast quantities 
of energy and leaving behind a 
dense neutron star, or even a black 
hole. Until recently, it was thought 
that exploding stars were always 


destroyed by the blast, but in 2012 
scientists revealed a new type of 
survivable supernova. Like Type Ia 
supernovae, Type lax supernovae 
are the result of white dwarf stars 
in binary systems, but this time 
they are stealing helium gas instead 
of hydrogen. The result is a much 
smaller explosion, allowing the 
damaged star to reappear once the 
dust has settled, like a zombie raised 
from the dead. 

In 2014, NASA's Hubble Space 
Telescope captured a picture of 
one of these dim supernovae, and 
researchers are now waiting to see 
if a zombie star will be revealed. In 
2015, the Hubble telescope will train 
its Advanced Camera for Surveys 
on the supernova remnant to see 
whether the star survived. 


si (erere ml", (ele)a! 


During a total lunar eclipse, when 
the shadow of the Earth falls 
directly over the Moon, the surface 
can take on a reddish hue. To some 
people, this is the warning sign of 
an impending apocalypse. 

When the Earth comes between 
the Sun and the Moon, some 
sunlight still strikes the surface, but 
along the way it has to pass through 
Earth's atmosphere. As it collides 
with the gas and dust particles, 
some of the light is scattered. 
Shorter wavelengths at the blue end 
of the spectrum scatter more, which 
is why the sky appears blue, and 


longer wavelengths at the red end of 


the spectrum scatter less. Some of 


this light is bent towards the Moon, 
hitting the surface and casting a 
blood-like glow - the exact shade 
varies depending on the conditions 
in the atmosphere at the time. 

A blood-red Moon is referenced in 
the Bible, and over time mythology 
has built up around this strange 
phenomenon - a few people believe 
that four blood Moons in a row 
will signal the end of the world. 

On 28 September of this year, we 
witnessed the fourth in a series of 
blood Moons in the space of two 
years. Before the year 2100, we can 
expect to see six more of these 
events - but chances are, we're all 
going to be fine. 
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6 Franken nebula 


In this bright stellar nursery, hot, blue 
stars are constantly emerging from 
the clouds of dust and gas, and their 
energetic emissions are sculpting a 
scary silhouette. NGC 2467 is a young 
open star cluster sometimes likened 
to Frankenstein's monster or a deathly 
skull, and in this image captured at 
the ESO, it is easy to see why. 

NGC 2467 is just a few million years 
old, and is shrouded in large clouds 
of dust and gas. It is the birthplace 
of hundreds of new stars, and the 
energy that they release has been 


3. Total eclipse 

Tam eatemaal(e(e|(=e)man(-N-(el||9\-1-5 
the Moon appears red as 
Earth's atmosphere refracts 
light towards the surface. 


4. Moon exits Earth's shadow 
As the Moon continues on its orbit, it 
exits Earth's shadow and the colour 
of the surface returns to normal in 
the sunlight. 


sculpting the nebula. The monster's 
lower eye is a star cluster known as 
Haffner 19, still encased in a cloud of 
partially ionised gas, and its right eye 
is a star called HD 64455. The nose 
is an elongated open cluster known 
as Haffner 18, containing around 50 


massive young stars, and the lower jaw 
is being chiselled by a bright double or 


multiple star called HD 64315. 

Over time, as these hot young stars 
continue to sculpt the clouds of the 
nebula, its eerie outline will change, 


but for now, it is truly a stellar monster. 





1. Moon enters Earth's shadow 
As the Moon passes into the Earth's 
penumbra (the outer part of its 
shadow), the eclipse begins. But this 
stage is hard to see with the naked eye. 





2. Moon enters umbra 


The centre of Earth's shadow is 
known as the umbra. Here, the 
eclipse starts to become visible 


as the Moon moves past. 
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Space’s evil eye 


Fomalhaut is a white dwarf about 
twice the mass of the Sun, but take 
a look at this image from the Hubble 
Space Telescope and you might 
think that you're looking straight 
into the Eye of Sauron from The 
Lord Of The Rings. 

Fomalhaut is surrounded by 
several discs of frozen dust, which 
are warmed by the star and emit 
a faint glow of infrared radiation. 
When the much brighter light of 
the white dwarf is blocked out (as 
in the image below), the faint light 


Ring centre Star 


reveals the stunning detail of the 
eye-shaped debris. 

The disc extends out to about five 
times the distance between Pluto 
and the Sun, and the patterns and 
distortion indicate that there are 
planets in the dust. By comparing 
photos taken at different times, 
researchers pinpointed the location 
of the first in 2008. After its 
discovery, many suggested it was 
probably a dust cloud. However, 
the latest evidence suggests that 
Fomalhaut b is a planet after all. 


Scattered light 


The centre of the ring The star at the The ‘iris’ of the evil eye 
is around 2.2bn km centre of the system is actually scattered 
(1.4bn mi) from the star, is bright and young light from the bright 


indicating that something 
(like a planet) is pulling it 
out of line. 


> al, 


Ring 

The debris ring makes up the 
outline of the eye. Hubble has 
spotted a dust-covered planet 
orbiting just inside. 


Exoplanet Fomalhaut b 
A planet has been spotted 
orbiting Fomalhaut just 
inside the ring of dust. This 
is similar to the position of 
Neptune on the inner edge 
of the Kuiper belt. 


Kuiper belt 
The Fomalhaut debris ring 
has a radius of more than 130 


astronomical units. In comparison, 


the Kuiper belt is only around 50 
astronomical units. 


and over two times 
the mass of the Sun. the coronagraph mask. 


star that is hidden by 


Star mask 


The light from the star at the centre has 
been blocked out by a coronagraph in 
this image, allowing the structure of the 
rings to be examined in more detail. 


The asteroid belt 

The asteroid belt is smaller 
still, beginning at around two 
astronomical units from the 
Sun, and ending at around 
four astronomical units. 
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9 Stellar vampires 


We'll meet cannibal galaxies shortly, 
but stars can be just as sinister. Many 
of the stars in our galaxy are part of 
‘binary systems’, sharing their space 
with a stellar companion. The two 
orbit around a shared point known 
as their common centre of mass and, 
as they age, they often come a bit too 
close for comfort. 

When a star starts to run out of 
hydrogen fuel, it swells to become a 
red giant. The gases around the edges 
can no longer be contained by gravity 
and they start to spill out into space. 
If two stars are close enough, the red 


giant's neighbour will start to suck 

up the excess. In many binary pairs, 
one star is feeding on its partner, 
using the gas to fuel its own internal 
fusion reactor. These vampire stars 
are effectively stealing the lifeblood of 
their neighbours. 

In some cases, a red giant can get 
so big that it engulfs its companion 
Star. Rather than feeding on the gas 
that spills away from the surface, this 
strange type of vampire orbits inside 
the expanded atmosphere, creating 
enormous friction, and causing even 
more of the gas to leak into space. 


10 Witch Head Nebula 


This wispy outline, with its hooked 
nose and curved chin, bears a striking 
resemblance to the profile of a 
traditional fairy tale villain. It is known 
as the Witch Head Nebula. 

The Witch Head Nebula is a 
reflection nebula, so it does not 
produce any light of its own, but it is 
found to the west of the constellation 
of Orion, next to the blue supergiant 
star Rigel. Rigel is one of the brightest 
objects in the night sky, between 
40,000 and 100,000 times more 
luminous than the Sun. 


Even though it’s over 40 light years 
from the nebula, the blue light that 
Rigel pours out into space illuminates 
the spooky silhouette of the Witch 
Head Nebula. It doesn't provide 
enough energy to ionise the gas and 
make it glow, but the light scatters as it 
passes through. 

The dust that comprises the nebula 
is able to scatter blue light more easily 
than it is able to scatter red and, as a 
result, Rigel's blue shade is intensified. 
This is the same physical phenomenon 
that makes Earth's sky appear blue. 
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Cannibal # 


galaxies 


Massive galaxies grow by swallowing 
up the competition. Some examples 
are dramatic - like the famous 
Antennae Galaxies, which are in the 


These stars started life in another 
galaxy; they orbit the galactic centre, 
but they still have some memory of 
the direction they were travelling in 







process of merging right before our before their galaxy was swallowed up, é 

eyes - but even galaxies like our own so they continue to move as a group. “ ; 

have a cannibalistic past. Andromeda is heading for another ’ JP” mn ‘ 
Andromeda is a spiral galaxy very galactic feast, but this time it’s ona : : 


similar to the Milky Way. Most of 

its stars are arranged into a flat disc, 
and the rest circle the galactic centre 
in a halo. Within this halo, scientists 
noticed a stream of debris, containing 
a group of metal-rich stars moving in 
the same direction. . 
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collision course with the Milky Way, 

and we're due to merge in about 4.5 

billion years. It is thought that there is ‘ 
a one in ten chance that the collision 

will fling the Sun out of the galaxy, but 

it is more likely that we'll end up close 

to the core of ‘Milkomeda’. re 


a 
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Future Tech Giant space balloon tourism 
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Take a voyage to the edge of space with World View 












4 Giant balloon 
The balloon is a very 
large version of a weather 
balloon. It is made of high 
strength polyethylene 
and filled with helium. 


» 5 Near-space 
Space officially begins at IOOkm 
(62mi), but from 30km (18.6mi) 
there won't be much difference - 
since the balloon will be above 99% 
of the atmosphere, the sky will be 
oreo @r-lale metal malelarce) smell ay(-\ep 
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6 Descent *) 
After two hours in near- 
space, the pilot will begin 
the return journey by 
venting helium from the 
balloon to gently descend. 





ere PAC) 

Ascent will take around two 
hours of gentle floating, and 
the helium will expan: ( 
atmospheric pre: . 
until it fills the whole balloon. 








2 Parafoil 


Suspended between the c 


any 





Giant space balloon tourism 


If you are considering becoming a space tourist and 
are feeling a little nervous after Virgin Galactic’s 
developmental problems, then Arizona-based World 
View Enterprises might be the answer. World View 
is developing a balloon-based system to offer trips to 
near space, hopefully starting in 2016. 

The rocket-based projects currently in the works 
will boost you up to a few Gs, either from the 
ground or dropped off a carrier aircraft depending 
on the company. They will fly a ballistic path called 
a parabola that sticks wildly out into space. This will 
give you a few minutes at the top to experience zero 
gravity and admire the view before you have to strap 
in again as you plunge back into the atmosphere. 
Virgin's price is £165,000 ($250,000), which includes 
training, but you will only actually be in space for 
a few minutes of the flight - World View’s plan is 
much gentler and, somewhat, better value. 

The company’s craft consists of a specially 
designed capsule suspended from a stadium-sized 
helium balloon, made of polyethylene - a material 
that’s primarily used for plastic bags. Before you 
make your voyage into space, the balloon will look a 
little small, with a long stretch of uninflated plastic. 
This is because the helium expands significantly as 
the altitude increases and the balloon must allow 


“The capsule — 2ecciiscee Te cose ss pessrse’ 
e cylinder, so that the passengers won't need to wear 
will bee uipped oo har aranaraperan 


Rather than the noise, vibration and acceleration 


"Valeal d al and of a rocket trip, take off will be a stately affair, with 


the balloon gradually ascending to 30 kilometres 

internet access" (18.6 miles) altitude over two hours. The capsule will 
be equipped with a bar, a toilet and internet access. 
It is worth pointing out that this balloon won't take 
you fully into space but to a height that’s near-space 
- space starts at 100 kilometres (62 miles) - but you 
will be above 99 per cent of the atmosphere, the 
sky will be black, and you will be able to see the 
curve of the Earth. And all for a bargain price of 
£50,000 ($75,000), which translates to £135 ($200) 
per minute. 

The balloon stops ascending when the helium 
has expanded to fill all the plastic, so to begin 
descent the pilot will start to vent gas, causing it to 
become heavy. Incorporated between the capsule 
and the balloon from launch is a parafoil wing, like 
a rectangular parachute but stiffened with spars 
so it doesn't need to fall to fill up. This serves as 
the emergency back-up during the balloon flight 
but also takes over to allow a precision landing on 
the way back. Once the balloon has dropped to 
15 kilometres (9.3 miles) the capsule and parafoil 
separate from the balloon and continue descending 
as a glider, this provides much more control over 
the landing than simply floating down towards the 
ground. The gliding capsule will eventually make a 

~-gentle touchdown on retractable skids around five to 
six hours and t pate) 480 elloyantaimcsom ©1010 anlllac) Baceynsl 
aunch before a private aircraft takes you home. The 
alloon will be Tecovered separately for recycling. 
-Outlandish as it may sound, World View is 
‘steady progress towards its goal and recently 
the world’s highest parafoil flight - the 
7 y in bringing back its passengers in 
afety and comfort. World View now hopes to make 
fe first complete flights towards the end of 2016. @ 
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The next ten years could make or break 
the hunt for another intelligent civilisation 


Written by Jonathan O'Callaghan 


The search for extraterrestrial intelligence, or SETI, 
has always been a fringe science. Since it began 
in the mid-2Oth century, scientists involved in the 
field have had to fight for scraps of funding, often 
com e(eh(eel(<macojanman(cmolele)ilem-belemnnlcelreMelNl come Uarle 
many consider a fruitless task. But now, thanks to a 
Russian billionaire, SETI is no longer going to be an 
also-ran - it is about to join the upper echelons of 
astronomy and, if a positive detection is made, those 
scientists once on the fringe could find themselves 
propelled into a whole new limelight. 

In July, it was revealed that investor Yuri Milner, 
who has Facebook, Twitter and Alibaba on his 
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portfolio, would be funding a $100 million (£65 
million) project known as Breakthrough Listen. It 
will be the most extensive search for life outside 
the Solar System to date. Using the finest telescopes 
around the world, this ten-year project will be 
unprecedented in its scope and scale. 

Considering the numbers, the chances that we are 
not alone in the universe are looking increasingly 
slim. Hundreds of billions of Earth-like planets likely 
reside in our galaxy, itself just one of hundreds 
of billions of galaxies. Is it possible that only one 
planet, Earth, sustained life? That is the answer we 
want, perhaps need, to know. 
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That does not mean this search will be successful. 
Astronomer Sara Seager, a professor at the 
Massachusetts Institute of Technology (MIT), tells 
All About Space that she rates the chances of the 
project finding alien life as “low”. But despite the 
odds, she believes that the search for extraterrestrial 
life is a “no-brainer”, adding: “Why wouldn't we do it? 
Imagine if the aliens were everywhere but we were 
too conservative to even try to listen." 

And that is precisely why this search for life is 
so important. In fact, that exact sentiment can be 
seen in one of the first papers to propose the search 
for extraterrestrial intelligence, titled Searching 
for Interstellar Communications. Penned by 
astrophysicists Giuseppe Cocconi and Philip Morrison 
in September 1959, it stated: “The probability of 
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Parkes Radio Telescope 
aM at=me)tal=lem aal-)(e)mr-\el(e) 
telescope is the 64m (210ft) 
diameter Parkes Radio 
Telescope in New South 
Wales, Australia. 


success is difficult to estimate; but if we never search, 


the chance of success is zero.” 

Since then, the search for life has been stop- 
Start, and not without its share of problems 
and false dawns. The year 1960 saw American 
astronomer Frank Drake use the newly built Tatel 
Radio Telescope at Green Bank in West Virginia to 
carry out the first direct search, known as Project 
Ozma. This search looked around frequencies at 
the hydrogen end of the spectrum, which Drake 
thought transmissions would edge towards due to 
the Doppler shift. Of course, it was unsuccessful. The 
following year, Drake would devise his famous Drake 
Equation to predict the probability of life elsewhere - 
more on that later. 

In the rest of the Sixties, the Soviet Union 


“Breakthrough Listen will be the 

most sensitive, comprehensive and 
intensive search for intelligent life ever 
undertake n Andrew Siemion, University of California, Berkeley 
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Green Bank Telescope 
The world's largest fully 
steerable radio telescope, the 
100m (330ft) Green Bank 
Telescope in West Virginia, 
US, willbe used in the search. 













APF Telescope 

A third telescope, the 
Automated Planet 

late (=) mm C=) (=s(@0) 0[=0r-] as (ol 
Observatory in California, 
VII (ole) qi ce) mme) syd (eral 
transmissions. 


dominated SETI, observing large chunks of the 
night sky at once. But by the Seventies their interest 
had waned, leaving a team of experts in the US to 
take up the reins. They produced a study known as 
Project Cyclops for NASA's Ames Research Center in 
Mountain View, California, detailing how to search for 
intelligent signals. It remains a guideline for much of 
SETI today. 

After years of study and planning, NASA finally 
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Searching nearby 
The two radio telescopes, 
‘and maybe others at a 
later date, will study the 
closest 1 million stars to 
Earth for radio signals . - 
from an intelligent race. 


BREAKTHROUGH 
INITIATIVES 


INITIATIVES 


had a definitive strategy in place to begin SETI in 
earnest by 1992. Sadly, Congress terminated funding 
the following year. But SETI lived on, in the form 
of the not-for-profit SETI Institute in California, and 
other attempts began to spring up around the world. 
In 2007, the Allen Telescope Array was built at the 
Hat Creek Radio Observatory in California, where 
much of the modern SETI is done. Funding shortfalls 
remain a problem, though. 

What have they been looking for? Signals. Since 
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from Earth will also be 
studied for radio signals. 


BREAKTHROUGH 


World War Two we have been firing out encoded 
electromagnetic radiation in all directions, and if 
anyone is within 75 light years or so and looking in 
the direction of Earth with similar technology, they 
will know there is intelligent life here. So, it makes 
sense that if there is other intelligent life out there, 
perhaps more advanced, they likely went through 
similar stages of technology as us, and must certainly 
have communicated in a similar manner at some 
point or other. There may be different forms of 





The proponents of Breakthrough Listen. From left 
to right: Yuri Milner, Stephen Hawking, Martin 
Rees, Frank Drake, Ann Druyan and Geoff Marcy 


communication we are yet to discover but, for now, 
this is all we know. So, it makes sense to look for 
other signals that we know exist. “We are assuming 
that other intelligent civilisations think like we do 
and would use similar technology for long-distance 
Space communication,” says Seager. “The best-case 
scenario is that intelligent life forms are actually 
using radio signals and are sending a message 
directly to Earth.” 

If we do find a signal, what then? Do we send 
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Message to 
outer space 


sUslcaVenyelcomeeesel 
INa@e)(elsweltonelel 
example of how to 
Go)aalanibiaile=itonelsielss 
maths and astronomy 








How to play = = 


Shown are instructions on 
ato)" Kono) F-\Vmaa(=m Cre) (e(=V8) 
Record with a stylus, 
included on each spacecraft. 


We are here © - 
This diagram shows 
the location of the Sun 
relative to 14 pulsars - 
rapidly rotating neutron 
stars that act as beacons. 


How to talk 
to aliens 


Breakthrough Message 
In tandem with Breakthrough Listen, this 
competition will encourage discussion on 


possible messages to send to another civilisation. 


Not guaranteed 
There is no definitive plan to send messages; 
this is merely a discussion. 


Prize money 
There is a pool of prizes for the best messages 
totalling $1 million (£650,000). 


How to communicate 
Entrants must devise ways to communicate in a 
universal language, such as mathematics. 


All about content 
The digital messages are asked to be 
representative of humanity and planet Earth. 























a message back? Such an action would not be 
unprecedented. Besides the Voyager spacecraft 
carrying Golden Records that describe Earth in detail, 
we have been constantly broadcasting information 
for approaching a century. In 1974, meanwhile, a 
specific message was sent out containing information 
about Earth hidden in code, called the Arecibo 
message, towards the Great Cluster in Hercules, 
M13, about 25,000 light years away from Earth. The 
Breakthrough Initiatives will hold a competition 
called Breakthrough Message to ask members of the 
public what sort of message they think we should 
send to any potential intelligent civilisation. 

There's just one problem: where is everyone? 
If habitable planets are so abundant, then surely 
we should have heard something by now? This 
is known as the Fermi Paradox, with various 
solutions suggested. Perhaps space is too vast for 
meaningful communication. Perhaps civilisations 
blow themselves up before they have a chance to 
communicate. Or perhaps we really are alone in 
this vast universe. Our best bet at the moment to 
find out is to methodically search each and every 

















Into deep space * 
PAW CTo)(el-) a X=1e0) cen 
included on both 
the Voyager 1 and 2 
spacecraft, which are 
travelling out of the 
Solar System, although 
it's unlikely they will 
ever be found. 


Life on Earth 
The records contain 
images and sounds 
from Earth, with these 
Takia (eid (oe) atome(= r=] (ay =4 
how the video signals 
should appear. 


» Hydrogen atom 
This diagram proves our scientific 
knowledge by showing the 
lowest states of a hydrogen atom, 
and is also the key to accessing 
information on the records. 


star for signs of artificial signals within our range of 
detection. The process is painstakingly slow, though - 
just a fraction of the total stars in the Milky Way have 
been studied so far. 

That's where the Breakthrough Listen project 
comes in. While SETI has been restricted to a few 
telescope arrays around the world so far, Milner is 
pouring money into the project so that it can afford 
to buy serious time on some of the most powerful 
telescopes in the world. “With Breakthrough Listen, 
we're committed to bringing the Silicon Valley 
approach to the search for intelligent life in the 
universe,” says Milner. “Our approach to data will be 
open and taking advantage of the problem-solving 
power of social networks.” Of the $100 million (£65 
million), one third will obtain thousands of hours of 
time on radio telescopes, another will fund research 
and development of new technologies, and the final 
third will be used to hire astronomers. $2 million 
(£1.3 million) will be used to secure 20 per cent of the 
annual observing time in 2016 of the world's largest 
fully steerable radio telescope, the Robert C Byrd 
Green Bank Telescope (GBT) in West Virginia, United 


“With Breakthrough Listen, we're 


committed to bringing the Silicon 
Valley approach to the search for 
intelligent life in the universe" vurit 


www.spaceanswers.com 





States. Additional funds will secure 25 per cent of the 
annual observing time of the Parkes Radio Telescope 
in Australia from October 2016 for five years. 

Observing time on other telescopes may be 
bought as well, and these telescopes will be used 
to systematically study stars and known exoplanets 
for signals. If there is anything emitting Earth-like 
signals around one of the million stars that will be 
studied, we'll know. “Breakthrough Listen will be 
the most sensitive, comprehensive and intensive 
search for intelligent life ever undertaken,” says 
Andrew Siemion, director of the SETI Research 
Center at the University of California, Berkeley and 
one of the project leaders on Breakthrough Listen. 
“We will search more of the radio spectrum, at 
higher sensitivity, than any previous experiment.” 
Siemion adds that Milner's enthusiasm for SETI was 
“fabulously unexpected". 

Such is the power and size of the telescopes being 
used that this project is estimated to be 50 times 
more sensitive than any previous SETI programme. 
It will cover more than ten times the sky of anything 
before it and five times the amount of radio spectrum 
- all at 1OO times the speed. A civilisation around 
one of the nearest 1,000 stars sending us a signal 
with the power of a common aircraft radar will be 
detectable. And in tandem with the radio search, 
the Automated Planet Finder Telescope at the Lick 
Observatory in California will be used by the project 
to search for optical laser transmissions. This could 
supposedly detect the energy output of a normal 
household light bulb from a distance of four light 
years. But the project isn't just limited to our own 
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“Right now there could be messages 


from the stars flying right throug 
room, through us all. 


| the 
at still sends a 


shiver down my spine” 


galaxy - while 1 million of the closest stars to Earth 
will be studied, in addition to the centre of our 
galaxy and entire galactic plane, Breakthrough Listen 
will also search for messages from the 100 closest 
galaxies to the Milky Way. 

It's fair to say the project has garnered significant 
interest. Among its advisors and proponents are 
Stephen Hawking, Astronomer Royal Lord Martin 
Rees, Seth Shostak of the SETI Institute, astronomer 
Frank Drake and Ann Druyan, who was married 
to the late Carl Sagan. And all of the data that the 
project will gather will be open to the public, giving 
anyone the opportunity to sift through to search 
for a signal. Existing endeavours like SETI@home 
will also be incorporated. “Right now there could 
be messages from the stars flying right through the 
room, through us all. That still sends a shiver down 
my spine,” says Drake. “The search for intelligent 
life is a great adventure. And Breakthrough Listen is 
giving it a huge lift.” 

But let's be blunt: the chances of this succeeding 
are low, for a variety of reasons. The most obvious 
is that intelligent life more advanced than us might 
communicate in a manner we don't understand. 


It might be that no nearby life has developed 
technology like humans. And, perhaps most 
unnervingly, it may be simply that we are alone. 

Life could be incredibly rare, and perhaps it was 
only Earth that somehow had exactly the right 
conditions for it to form. As the late author Sir 
Arthur C Clarke once said: “T'wo possibilities exist: 
either we are alone in the universe or we are not. 
Both are equally terrifying.” The implications of us 
being alone would be profound, although it’s an 
uncomfortable possibility no one wants to discover. 
But perhaps it would highlight just how important, 
and rare, Earth really is. “As always, absence of 
evidence is not evidence of absence,” Siemion notes. 
“However, if after ten years of sustained searching 
we haven't found anything, we will surely have to 
take a moment to ponder the rarity of technologies 
like our own - and the care that we must take to 
ensure the long-term future of our rare example of a 
technologically capable species." 

Of course, in the search for life, Breakthrough 
Listen is not the only project you should be excited 
about. In our own Solar System, new missions are in 
the process of being drawn up to find if some more 
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Decoding a message for alien life 5°). 5°) — tremmbers one 
Devised in 1974 by the likes of Frank Drake and Carl Sagan, the 


Arecibo message was broadcast into space in the direction of 
O light years away 


The Arecibo 
LO) atelceatainl 
— Puerto Rico 


www.spaceanswers.com 


7" 

* ; 
pal 

aed 

: =) 
. 

i 
Thea 
ae 


fa we | 
eas a ee 


Ly 
— 
Soy er 

toe 
a 


ten written in binary. 


——§$<$——e 
| eee 
The atomic numbers 
c. _ of the elements that 
= | make up DNA. 
Formula 
The formulas for the 


sugars and bases in 
® DNA. 
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_" The structure of DNA. 


» Earth's population 
The height of an 
average man and the 
human population on 
our planet. 


Solar System 
Our solar 
neighbourhood along 
with which planet the 
message is coming from. 


» Arecibo telescope 
The dimension of the 
radio dish from which 
the message is being 
transmitted. 
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reachable locations were once habitable, or perhaps Th Db 7 
still are. For example, on Mars, we are now fairly eC est CdS€ 
certain the planet was wet and habitable a billion or SCeNndahlo l S that 


SO years ago. The next step, via an upcoming NASA 


rover in 2020 and further missions beyond, will be to intelli gent life forms 


look for actual signs of life now or in the past. 


Elsewhere, some other destinations are becoming dre actually usin 


rather desirable; NASA is already in the process of 


researching a mission to send to study Jupiter's radio signals dit dre 


icy moon Europa by 2024 at the earliest. Europa 


is believed to have a vast underground ocean, sending d mes S Ase 


containing more water than there is on Earth, and . ! 
some say it could harbour small microbial life. Other dire ctly CO Earth 
moons in the Jovian system such as Ganymede 

also show promise for life forms, and are to be 
investigated by ESA's Jupiter Icy Moons Explorer 
(JUICE) from 2030 onwards. And that’s not all; 
Saturn’s moons Enceladus and Titan could also host 
microbial life in some form or another, and new 
missions to these have been touted. 

Ultimately, though, anything found inside the Solar 
System will be microbial in size. It is in the rest of the 
galaxy where the real ‘action’ could be happening, 
and aside from the Breakthrough Listen project 
there are other things to look forward to. For one 
thing, astronomers are continuing to look for rocky 
planets in habitable zones of stars, with upcoming 
telescopes like NASA's Transiting Exoplanet Survey 
Satellite (TESS), due for launch in 2017, increasing 
our capabilities. The most powerful telescopes in 
existence will study the atmospheres of some of 
these worlds and will include NASA's upcoming 
James Webb Space Telescope (JWST), due for launch 
in 2018. 

One thing is for sure, though. SETI is finding 
itself closer and closer to the spotlight, and if a 
discovery is made in the next ten years, those days 
of money problems will be long gone. Milner has 
gone on record to say he will continue funding the 
Breakthrough Initiatives beyond ten years, even if a There could be hundreds 
detection is not made. But there's no doubt it would of billions of Earth-like 
be a major disappointment if nothing is found. planets within our galaxy, some 


+ h Cal S f 1 of which scientists hope may 
O paraphrase Carl Sagan, if we are alone, it’s an support extraterrestrial life 
awful waste of space. @ 
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This is the total number of civilisations This is the rate of formation The fraction of those The number of planets per 


in the Milky Way whose signals are of stars that could host stars that have Solar System that could have 
detectable, according to the equation. habitable planets. planetary systems. a habitable environment. 
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What happens if 
we make contact? 


Seth Shostak, director at the SETI 
Institute, explains what would 
happen if a signal were to be found 


What's the procedure if we find alien life? 

In the case of SETI, there is a set of protocols. I 
was the chair of an international committee that 
revised these protocols over the last five to ten 
years, and basically you have ample time to check 
out the signal, tell everybody, and don't respond 
without international agreement. That's basically 
all there is to it. 

But the truth is, it doesn't really work that way. 
And we know that because, in the case of false 
alarms, you see what really happens. There's no 
policy of secrecy within SETI. If you get a signal, and 
it looks interesting and you begin to think it might 
be the real thing, you start to call people at other 
observatories and say ‘hey, would you check this out 
too?’ And you find the people are writing about it 
on their blogs and sending emails to boyfriends and 
girlfriends, or tweeting or whatever. As a result, what 
actually happens if you get a signal is, long before 
it’s confirmed and you know it's newsworthy, which 
could take days, it’s already news. In 1997 we had a 
signal that looked good for almost a day, and by the 
end of that day the NY Times was calling me up. 


What would happen next? 

Well, if you really find it and confirm it’s ET, the 
first thing is that every telescope in the world, no 
matter what kind of telescope, would be pointed in 
the direction in which you got the signal. You would 
try and learn as much as you could; is this a star 
where we have detected planets, for example. Radio 
telescopes could look at the signal as it changes 
frequency, which would tell you something about 
the motion of the planet, the length of their year, 
stuff like that. 
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The fraction of total 
planets in our galaxy on 
which life exists. 
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The fraction of those 
habitable planets where 
intelligent life arises. 


All these instances are what would happen 
immediately. In terms of finding additional signals, 
you would probably - with the money - build much 
bigger antennae and go back and see if you could 
find any modulation on the signal, any message, 
because that would be very interesting. That's a very 
big project, however, and it would take a very large 
antenna. But in any case, you would know now how 
to look for other signals, because once you find one 
there's a better clue as to how to find others, and I'm 
sure that would happen. 


Should we send a message back? 

If you picked up a signal, it would be a tremendous 
incentive to send something back. I'm sure you 
couldn't stop people from doing that, a lot of people 
would. It doesn't trouble me, we've been sending 
messages into space since World War Two, and 
many are pretty strong, so it would just be additional 
information. But you could argue about what we 
should say, should we tell them about the bad as well 
as the good, and all that kind of stuff. For me it's very 
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The fraction of habitable planets 
with civilisations that develop the 
technology to emit signals. 
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similar to the Indians of the Caribbean, arguing about 
what they should say to Columbus, should he land. 


Would it be the biggest discovery of all time, in 
your opinion? 

I once polled science journalists about this, asking 
them how big a story they thought it would be, and 
every single one of them said it would be the biggest 
story ever. I don't argue with them, I'm sure it would 
be a huge story. 


If the planet is close, would a mission there be on 

the agenda? 

Oh, I'm sure it would be seriously discussed. It would 
still be very hard; even with our best rockets, to go to 
something 50 light years away would take almost 10 

million years. I think a far better scheme would be to 
send signals, frankly. 


How confident are you we'll find something? 
I bet everyone that I've spoken to about this a cup of 
coffee that we'll do it within two dozen years. 





The length of time any such 
civilisations would release these 
detectable signals into space. 
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A planet would not 
survive an encounter 
with a neutron star 
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Ce 
hat: 

an exoplanet crashed. 

into a neutron star? . 


The exoplanet would be destroyed. 
The average surface temperature | 

of a neutron star is in the order of 
hundreds of thousands of degrees, this 
would vaporise almost any material 
that came in contact with it. Should a 
planetary body in orbit around the star 
fall into the neutron core it would be 
incinerated rapidly and explosively. 


Update your knowledge at 




















would happen if | 


"The likelihood that such a body 
would survive this kind of event is 
very low. Any bodies around the star 
would be greatly disrupted during 
the supernova event with a large 
proportion potentially being thrown 
fr6m their parent Solar System. The 
search for these free-floating planets 
is underway in an attempt to confirm . 
these theories. JB 
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Light pollution is a 
hindrance to astronomers 


© 


Does light pollution 
make astronomy 
impossible? 

Laura Hearn 

Light pollution doesn't make 
astronomy easy, but those under less- 
than-ideal conditions will find that 


EE: SPACE EXPLORATION | there are still objects that can be seen 


- especially those that are bright. 


Why rateyarss water fo (TI i" Even from cities, targets such as the 
’ ‘ Moon and bright stars are still evident 


spherical droplets in J JAC and binoculars and telescopes will 

















David Connell elolslejdelse della isidemaetcevemeste)(crnt <st show a variety of deep-sky objects 
If you were to squirt a water pistol creating a ‘surface tension’ that acts such as bright galaxies and nebulae. In 


on board the ISS, the water would do in an inward force pulling the water | a light-polluted area, the unaided eye 
something weird, congealing into a together. On Earth, gravity dominates should be able to pick out objects with 
bunch of perfect spheres. The reason this surface tension, SO squirt a water magnitudes of +3 or +4, rather than the 
this happens is the condition of pistol and the tear-shaped water | +5 or +6 magnitude objects that youd 


microgravity, which arises in free fall droplets will spill on to the floor ina | be able to see from darker sites. 
around the Earth. However, while the flat puddle. In space, however, without It is possible to purchase a light- 
absence of substantial gravity gives gravity, surface tension dominates pollution filter for your telescope, 
rise to the spheres, there is a deeper and that inward force pulls the water which blocks out the sodium light 





explanation. At the boundary between _—_ droplet into the shape with the lowest Ina microgravity from street lamps that cause the 
liquid water and the air, the water amount of surface area possible, which peice i pate orange haze and spoil the view, 
molecules have a stronger attraction to isasphere. GL aaah seh alleviating the problem. GL 
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Why does Saturn 
have such 
prominent rings? 


Laura Hearn 

Scientists are not yet sure exactly how 

the rings of Saturn came to exist and 

therefore why they're so much wider 

than those around other outer Solar 

System planets. Some theories suggest 

that, millions of years ago, one of 

the planet’s moons might have been 

destroyed. Perhaps a collision with an 

asteroid or comet may have left only 

shattered remains or maybe it strayed 

too close to Saturn and got ripped apart. 

Over time the debris would have spread 

out to create the rings. It’s possible that ge 

the rings are a constantly changing P - | ERIN SCRA CE OR Ng 
system, often being replenished as new Fe Saturn's rings are so 
debris comes too close. Some even think prominent in comparison 
that ejecta from an icy moon could to the other giant planets 
provide a source of ring material. ZB 
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The failed stars known 
as brown dwarfs have 
been found to have 
vivid weather 


You should purchase a sky atlas to 
help you to learn the constellations 


What's the easiest 
way to identify 
constellations? 


Harold Milner 
The easiest way to identify 
constellations is to invest in a sky 
atlas. This could be a physical book, 
an online resource or even an app 
for your phone or tablet. A sky atlas 
is essentially a map of the sky. It will 
show you what is visible in the night 
sky at a particular time. This can help 
not only identify constellations but 
other celestial objects too. Depending 
on the time of year and your location 
this can range from planets and stars, 
to nebulae and comets. 

While a sky atlas will give you 
a good start they will often list the 
88 official constellations, which for 
here in the UK are mainly taken 
from the Greek culture. There exists 
a whole host of other patterns and 
constellations from a range of cultures 
that can be identified in the night 
sky. Some of the digital resources will 
already include those, however, some 
may take a little additional research to 
track down. JB 
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Can stars have weather? 


David Leonard 

Weather has been detected on brown 
dwarf stars, which are cool ‘failed 
stars’. While brown dwarfs are still too 
warm for water rain or snow, infrared 
observations with NASA's Spitzer 


Space Telescope have detected mottled 


surfaces that have been interpreted as 
clouds. Not white fluffy clouds either, 


sf SPACEEXPLORATION 


Could we 
colonise 


but at temperatures of 1,000 to 2,000 
degrees Celsius (1,832 to 3,664 degrees 
Fahrenheit) the clouds are made of 
silicate (rocky) particles such as iron. 
On the brown dwarf named 
VAN UTOY2 35m delarcyome colel evened ovbelsmoenile 
near-infrared light, making the clouds 
appear darker at that wavelength and 
the brown dwarf to appear patchy. 


the Moon? 


Joanna Gomes 
Living for long periods of time on the 
Moon is difficult but not impossible. 
It is theoretically possible that we 
could live on the lunar surface. For 
the last 20 years people have been 
living in space in a totally different 
environment from the one we find on 
Earth. We could in theory repurpose 
this technology to keep us alive on the 
surface of the Moon. 

Although the technology exists 
to keep people alive away from the 
Earth there are still a lot of issues 
that face long-term space travel. For 
example, we currently have to restock 
the International Space Station every 
few months. To compound this we 
have yet to find a way to counter the 
negative effects of low gravity. This 
could have huge implications on 
health for long stays on somewhere 
like the Moon. JB 


These clouds could also rain hot 
sand or molten iron. Meanwhile, in 
one survey Spitzer also observed 44 
brown dwarfs and found that half of 
them had brightness variations that 
matched what you would expect 

to see if they had giant storms like 
Jupiter's Great Red Spot dominating 
their atmospheres. GL 


It is possible for us to live on 
the lunar surface, however, 
there are challenges 


Questions to... @@spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 





www.spaceanswers.com 









Pace 


Exoplanet HIP 13044b is 
located just outside our galaxy 


Quick-fire 
questions 


@spaceanswers 


What is at the edge of 
the Milky Way? 
Our galaxy is surrounded by 
a halo of old stars and a layer 
of dark matter. Beyond this is 
intergalactic space. 


Who was the tallest 
| . astronaut? 
= The tallest person to fly into 


. Space is American Jim Wetherbee, 
an we see planets in other galaxies? 


who is 193 centimetres (6 feet 4 
inches) and a veteran of six Space 
Ben White So far more than 1,700 extrasolar Way. These stars, and therefore the Shuttle missions. 
It's not possible to observe planets in planets have been found orbiting stars exoplanet HIP 13044b, are thought to 
other galaxies outside our own. Other within our galaxy. There is a planet, have formed in a dwarf galaxy that 
galaxies are so far away and planets are known as HIP 13044b, which was ended up crashing into the Milky Way. 
so relatively small and dark compared discovered outside of our galaxy. This This is good proof that planets can 
to their stars that current telescopes are __ planet is found with a group of stars form in other galaxies even if we can't 
not powerful enough to see them. that wander just outside of the Milky see them. ZB 


What is a harvest Moon? 
These are big, orange-tinted full 
Moons. They occur close to the 
autumnal equinox, which marks 
the first day of autumn. Harvest 
Moons take on their orange 

. colour when they are close to 
Our planet would | the horizon. 
become very cold 
and dark if it were 


surrounded by 
10) Yala alo) (a3 


Who was the first British 
person in space? 
Helen Sharman, who visited the 
Mir Space Station when she flew 
on-board a Russian Soyuz capsule 
in May 1991. 


Can we see the Great 
Wall of China from 
space? 
This is a myth. Although the 
Great Wall of China is over 8,850 
kilometres (5,500 miles) long, it 
is too narrow to pick out with the 


| 2% SOLAR SYSTEM | naked eye 


What would happen if agonal dor 
Earth were surrounded 


by black holes? 


end of the telescope, but this 
John Leonard If the black holes were set up 7 


x 
ail 
a — 


i = 








can be at an awkward angle to 
view through. A star diagonal is 
an angled mirror or prism that 
redirects the light by 90 degrees 
The result ultimately depends on how 
the black holes are positioned around 
our planet. Regardless of setup the 
Earth would probably become very 
cold and dark. Black holes are black 
because their gravity is so strong that 
nothing can escape if it gets too close, 
not even light. Surrounding the Earth 
with black holes would mean that any 
energy from the Sun or other sources, 
stars etc, would be blocked and 
absorbed by the black holes. 


www.spaceanswers.com 


correctly a gravitationally stable setup | 


could be achieved that would just have 
the black holes orbit the Eagth and 
absorb the energy headed this way. 
This would be complicated and should 
these sources be created the system 
would likely be unstable. The Earth 
and some of the other black holes 
could consume each other resulting in 
a larger black hole in Earth’s place, the 
instability could cause our planet to be 
ejected or various other scenarios. JB 


to a more comfortable angle for 
the observer to look through. 


Does space smell of 
anything? 
While some astronauts have 
reported a sweet metallic scent in 
Space, others have experienced 
the smell of seared meat and 
welding fumes. 









Quick-fire 
uestions 


@spaceanswers 


~ CanI see the 
Triangulum Galaxy 
without a telescope? 

Yes - just - if you have very keen 

eyesight and an extremely dark 

observing site. You will stand a 

better chance with binoculars or a 

four or six-inch telescope. 


© What is the smallest 
exoplanet that has been 
found so far? 

The smallest exoplanet known 

is Kepler-37b, which is 3,860 

kilometres (2,400 miles) across, 

which is only slightly larger than 

Earth's Moon. 


© What is the largest 

optical telescope? 
Currently it is the Gran Telescopio 
Canarias, in the Canary Islands, 
which is 10.4 metres (34 feet) 
across, but it'll soon be overtaken 
by the Thirty Meter Telescope in 
Hawaii and the 39-metre (128- 
foot) European Extremely Large 
Telescope in Chile. 






“© How far does Earth's 
atmosphere extend? 

The outer ‘layer’ of our planet's 

atmosphere is called the 

mesosphere. This extends around 

85 kilometres (53 miles) above 

Earth's atmosphere. 


© Could a white hole exist? 
While some scientists believe 

that the reverse of a black hole 
does exist, we are yet to find 

any evidence for them. For now, 
however, they are considered as a 
hypothetical object. 


“) What will happen when 
the Sun dies? 

Currently halfway through its 

life, the Sun will run out of 

hydrogen in its core and the 

nuclear fusion that is keeping it 

‘alive’ will come to an end. It will 

then swell into a red giant, puffing 

off its layers, leaving a hot white 

dwarf at its centre. 









Scott Kelly (right) will 
spend a year in space 
while his twin brother 
remains on Earth 


4. 
How long cana 


person live in space? 


Jamie Roberts 

Nowadays astronauts normally spend six 
months in space at any one time although 
some missions can last longer. The 

record for the longest single spaceflight 

is 437 days and 18 hours. Theoretically it 
would be possible for us to live in space 
for much longer provided we developed 

a spacecraft with all the provisions 





[Eom] 


to support life. If we became almost 
perfectly efficient at recycling resources 
such as oxygen, water and food it might 
be possible to live in space indefinitely. 
However, we currently do not know 
the full long-term effects of living in 
space on the human body. Hopefully 
future missions and experiments with 
astronauts will help us find out more. ZB 








Don't expect Hubble- 
standard images when 
looking through your 


telescope ; 


Why can't I see colourful 
nebulae through my telescope? 


John Jenkins 

We are often shown fantastic nebulae, 
splashing their technicolour displays 
across the cosmos, however looking 
out into the night sky yields a 
seemingly monochrome landscape. 
The reason we don't see these 
delightful cosmic jewels is a result of 
the huge distances associated with 
space. These objects are so far away 
that either they appear so small the 


colours blend together or the light 
has reduced in intensity so much we 
can’t make out the additional detail. 
To counteract this we rely on the 
assistance of technology. Telescopes 
and other devices can magnify our 
view of the night sky. By magnifying 
what we see we can see these objects 
in greater detail, which can begin 

to give us an insight into just how 
beautiful these objects can be. JB 
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Red dwarfs are in abundance 
in our galaxy 


What are the 
most common 
stars in the 
Milky Way? 


Ron Williams 
Generally, the smaller the star, the 
more common it is. So red dwarfs 
are more common than stars with 
the mass of the Sun, and Sun-like 
stars are more common than the 
enormous stars that explode as 
supernovae. It is estimated that 
85 per cent of the stars in the 
Milky Way galaxy are red dwarfs, 
although because they are dim and 
cool, not many of them are bright 
enough to be seen in the night sky 
without using a large telescope. 
The reason smaller stars 
outnumber larger, more massive 
stars is because of how the giant 
clouds of molecular gas that form 
stars fragment. Stars are born when 
a pocket of gas in this cloud begins 
to collapse and condense. It's easier 
for smaller pockets to condense 
than larger ones, meaning we get 
more small stars. SA 
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It's too hot for 
astronauts to land on 
Mercury's dayside 


















Is Mercury too hot for us to land on? 


Tim Brookes is night, gets as cold as -173 degrees 

The surface temperature on the dayside _— Celsius (-279 degrees Fahrenheit). 

of Mercury reaches a sweltering Astronauts could land there, , ele 7 

427 degrees Celsius (801 degrees protected from the cold by their . i N 
Fahrenheit), so astronauts couldn't land — spacesuits, but if they are clever there is : 
where they can see the Sun from the a zone that runs around the planet like aS TET 
surface. Mercury is a strange planet a ring, on the terminator between the ' A 

though. It rotates very slowly, three night and day. Here the temperature A. | AT 
times for every two orbits (Mercury could be as low as 10 or 20 degrees 

takes 88 days to complete one orbit, Celsius (50 or 68 degrees Fahrenheit). 

or year, around the Sun), which means This zone would move around the 

that the hemisphere that is facing the planet as Mercury rotates. If their base 

Sun stays there for a long time, while was mobile, astronauts could keep up 

the hemisphere facing away, where it with this moderate zone. GL 


Was the king of the Solar 
System responsible for 
dispatching super-Earths? 


’“] HOW STARS 
1 DETONATE 


Witness the powerful explosions 
that mark the end of a stellar life 


EXTRAORDINARY 
_EXOPLANETS 


Meet the rarest alien worlds in 
the universe 


ge WatAL NASA HAS 


So-called spiral density 
waves give galaxies 
their spiral arms 





How do galaxies get their spiral arms? 





James Lane happens in galaxies. When stars move 
A phenomena known as a density wave around a galaxy, they may be slowed 
creates this eye-catching feature of a by the gravity of a nearby massive = DONE FOR YOU 
spiral galaxy. Spiral arms in galaxies gas cloud, causing a backlog of stars ' Find out how the Space agency 
are not rigid, permanent structures, but behind them, creating the denser Spiral has improved your state ot living 
are analogous to a traffic jam on the arms. Gas clumps up in the spiral 
motorway - when a car slows down, all arms, causing bursts of new star 

: the cars behind it have to slow down formation. The actual spiral shape 

~ too, causing a traffic jam. As the cars of the density waves occurs because 

at the front move on, the traffic jam the stars move in ellipses, not circles, 

8 moves further down the road as more around the galaxy and that the LISA PATHFINDER 

: cars join the back of the jam. This is a alignment of these ellipses changes BECOME, AN ASTRONOMER 

= manifestation of aphenomenon called —_ with distance from the centre of a L AUNCH A SPACE B ALLOON 

© a density wave and the same thing galaxy in a spirograph pattern. GL 


INTERNATIONAL SPACE STATION 
HOW HIGH CAN YOU JUMP ON 
OTHER PLANETS? 
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74 Become an 


astronomer — 
- Your essential guide to ~ 
starting out in astronomy 





If the starry skies j inspire you with wonder and curiosity 


+ 


WV. W3e7.\ ZER| 


GUIDES NN BN B)V/(@ ci ORC! =a i STARTED IN AMATEUR ASTRONOMY | 


64 Observe. 86 What’ sin | 88 Me and my. 9G? Astronomy --. 

Comet Catalina -| the sky? - telescope — kit reviews 

How to get the best Views | Find the most spectacular | We showcase your best . The latest dstronomy gear - . . 
of the comet of the year night-time objects astrophotography images and telescopes tested — 


then you have the Tight stuff’ to become an astronomer 


_ Written by Peter Grego : 


~ Humans have been awed by the 
night skies for countless millennia. 
We know so much more about the 
universe than our ancestors, but the 
same visceral feelings about the.vast, 
~ silent majesty of the cosmos sweep 
through our senses. =: 
‘ +: A wealth of objects and phenomena 
delight the night-sky viewer.Some 


= 


_ Sg! 

ns B24 mm 
net = 
a) 


af" and constellations, are permanent a3 
. ais St - fixtures i in the cosmic - tapestry, acting 
ESS guideposts tou Tetelvesective ling 
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objects, like the stars, star patterns eos : 
wonderful yn | surprises. hae ' 


er vael finding one’s way aiteninad the 


heavens. Other objects, like the Moon . 
and planets, Move along a highway 
through the constellations and . 
appear to change over time. A few 
phenomena, like comets, meteors 

and the northern lights, are relatively 


_ fleeting but spectacular sights. Some 


sky events can be predicted with * 
great accuracy, while others spring - 





There.ar enough sights in the 


night skies to keep the astronomer 


enthralled for a lifetime. By probing 
the universe further using binoculars 
or telescopes, astronomers eager to 
explore the cosmos are (e=}0): 1) (ome) 
revealing a staggering panorama 
beyond Earth. - 
- Moreover, new technology in ite c 
form of high-resolution electronic : 


~ cameras, in conjunction with 
ses computer-controlled telescopes, 
ren enables far more of the universe 
ae) be observed than mete ‘ at the 


ece’ alone can tal 
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Understanding the night sky 


Knowing how the heavens work is essential before you get started in astronomy 


Learning the basics is key to being 
able to maximise your enjoyment 

of astronomy. Being able to find 
individual objects - whether 

they're permanent fixtures within 
constellations, such as double stars, 
Star clusters or nebulae, or transitory 
visitors such as planets, comets or 
asteroids - depends on knowing where 
to look. It's a big sky. 


At first, it may seem a daunting task 
to learn the layout of the skies, the 
positions of the main constellations 
and the often tongue-twisting names 
of the brightest stars. Time is on your 
side - there's no rush, and the thrill 
of being able to identify star patterns 
and individual stars remains with you 
forever and is a skill that you can pass 
on to others. 


Your best route to success is to 
join a local astronomical society 
where your learning curve will be 
enhanced by being in the company 
of more experienced sky-watchers. 
Whether your'e learning from other 
astronomers or going solo, you need 
to be standing beneath the starry 
sky with some form of star map, be it 
printed or on a handheld computer. 
Most astronomers learn enough to get 
by comfortably and enjoy their own 
particular form of astronomy. 

Constellations are constructs of the 
human imagination, many of them 
derived from ancient myths and 
legends. In a ‘join the dots’ fashion, 
some of these ancient patterns 
actually resemble the entities they are 
meant to portray; some are incredibly 
large and sprawling, while others 
appear to simply fill in the gaps in 
this giant celestial jigsaw puzzle. We 
still use this imaginary patchwork of 
Star patterns because they break up 
the night sky - which is essentially 
a random scattering of stars - into 
manageable sections, enabling objects 
to be referred to and located with 
relative ease. 

Each constellation contains an 
assortment of stars of varying 
brightness. The brightest stars have 
their own names, mostly derived 
from the Arabic. Letters of the Greek 
alphabet are also used to identify the 
brightest stars in each constellation. 
For example, the brightest star in 


Taurus (the Bull) is Alpha Tauri (also 
known as Aldebaran), the second 
brightest is Beta Tauri (also known as 
Elnath), then Gamma Tauri, and so on. 

Spread about, in and among the 
‘official’ constellations, there are 
recognisable groupings of bright stars 
known as ‘asterisms’. These take the 
form of distinct, easily identifiable 
shapes, perhaps the most famous of 
which is the Plough or Big Dipper, 
which is made up of stars within the 
constellation of Ursa Major (the Great 
Bear). Dozens of asterisms can be 
found in the night sky, and some of 
their stars can be used as convenient 
pointers to the location of other stars 
and constellations. 

Another legacy from our ancient 
past is the notion that the stars 
and constellations are fixed inside 
a distant, all-encompassing sphere 
that surrounds our planet. Even 
though we have long known that 
were actually looking at objects 
covering a vast range of distances 
from Earth, astronomers still refer to 
this sphere - known as the celestial 
sphere - for convenience. Just as the 
Earth is crossed by an imaginary 
system of latitude and longitude 
to enable terrestrial seafarers and 
explorers to pinpoint their position, 
the celestial sphere has an equivalent 
system of imaginary lines known as 
‘declination’ (which is abbreviated 
‘dec’; equivalent to latitude) and ‘right 
ascension’ (which is abbreviated ‘RA; 












Top five 


planetarium 


software 





the comfort of your sofa 


ie em 


— Get to know the night sky from 





Starry Night 

A richly featured planetarium program with 
great graphics and a user-friendly interface, fully 
customisable for the individual user. Various versions 
are available. 

Cost: $49.95 (approx £35) for CSAP version 
Available for: Windows/Mac 





Redshift 

A highly capable planetarium program, Redshift's drop- 
down interface requires some familiarisation to get the 
most out of it. On handheld computers it can be used 
to locate and identify objects live beneath the stars. 
Cost: From £7.99 / $9.99 (depending on version) 
Available for: Windows/iOS/Android 





76 


www.spaceanswers.com 


equivalent to longitude) that allows 
celestial explorers to precisely zero-in 
on objects in the night sky. Parallel 
lines of declination are measured 

up to +90 degrees (north) and -90 
degrees (south) from the celestial 
equator, while great circles of right 
ascension are measured from O to 24 
hours around the celestial equator. 
Each degree of declination and each 
hour of right ascension is split into 
60 arcminutes and each arcminute is 
further divided into 60 arcseconds. 

Since our planet revolves on its axis 
inside the celestial sphere, it follows 
that the terrestrial poles point to the 
celestial poles, while the celestial 
equator is always directly above 
Earth's equator. 

From the latitude of London (52 
degrees north), the north celestial 
pole is 52 degrees above the northern 
horizon, a point conveniently occupied 
by Polaris, the Pole Star. As Earth 
turns from west to east, the celestial 
sphere appears to rotate around the 
celestial pole in an anticlockwise 
manner. An area of sky surrounding 
the north celestial pole is continually 
above the horizon - from London, 
this ‘circumpolar’ region includes 
everything north of +38 degrees dec 
on the celestial sphere. Stars between 
+38 degrees and -38 degrees dec rise 
in the east and set in the west (those 
on the celestial equator rising due 
east and setting due west), while 
everything south of -38 degrees dec 
down to the south celestial pole can 
never be seen from London. During 
the course of the year, the entire 
celestial sphere makes a complete 
circuit around the Earth, so viewing 
the constellations depends upon both 
the time of night and the date on 
which youre viewing the skies. 


orale! TTS 8 Tae Pics oP he Ee 


SkyMap Online 


SkyMap Online is a free web app that comes with a 
full set of features to help both casual stargazers and 
amateur astronomers to explore and locate objects in 


the night sky. 
Cost: Free from www.sky-map.org 
Available for: Windows/Mac 
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® North celestial pole 
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Become an astronomer (Part 1) 


Rising celestial objects ® 


Right ascension @ 
Right ascension is to the sky what longitude 
is to the surface of the Earth, corresponding 


to east and west directions. Measured in 
hours, minutes and seconds since, as the 


Earth rotates, we see different parts of the 
sky through the night. | sill 


x= 
tae 


The northern point in the sky 
about which all of the stars seem 
to rotate - around the North Star, 
also known as Polaris. 


| ba 


SkySafari 


majesty of the night skies. 


Cost: From £2.29 / $2.99 (depending on version) 
Available for: Mac/iOS/Android 


Zenith @ 









With its delightful graphics, this app is fully 
customisable and easy to use, a very instructive and 
powerful app to use in the field that opens up the 


STARGAZER 


” 





The sky around you 


As Earth rotates, the stars rise and set, tracing 
arcs at various heights above the horizon 


® Celestial equator 
A great circle on the celestial sphere 
that lies in the same plane as the 
Earth's terrestrial equator and is tilted 
at roughly 23 degrees to the ecliptic. 


® Declination 

How high an object will rise in the 
sky. Like Earth's latitude, declination 
measures north and south. It's 
measured in degrees, arcminutes and 
arcseconds. There are 60 arcmins in 
Mm, 2 degree and 60 arcsecs in an arcmin. 





® Path of a typical 
southern star 





® Setting celestial objects 











Stellarium 

A free open-source planetarium program with 
sumptuous graphics. Easy to use, Stellarium can be 
used on handheld computers in the field to pinpoint 
thousands of celestial targets. 

Cost: From free (but depending on platform) 
Available for: Windows/Mac/iOS/Linux/Android 
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Navigating the night sky 


Using nothing but your eyes and a good star map, that seeming 
confusion of stars above your head will begin to take shape 


Finding your bearings beneath the 
night sky is an essential first step to 
becoming familiar with it. 

It's important that you begin 
by viewing the night skies from a 
relatively dark location, free from 
direct sources of light, such as kitchen 
windows, the glare of ‘security lights’ 
and streetlights. Your eyes need to 
adapt to the darkness so that you can 
see faint objects, otherwise you'll be 


Understanding magnitudes 


All celestial objects are allocated 

a brightness known as ‘apparent 
magnitude’, indicating how bright they 
appear. The scale works ‘backwards’, in 
that the lower the magnitude number, 
the brighter the object. So, for example, 
a Star of magnitude O is brighter than 
one of magnitude +1, while an object 
of magnitude -1 is brighter than one of 
magnitude O. Each jump in magnitude 
corresponds to a 2.5 times increase in 
apparent brightness. 





All of the above are easily seen 
when they are well above the 
horizon, even from a light- 
polluted urban environment. 
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restricted to seeing just a handful of 
the brightest objects. Some people can 
find a convenient dark spot in their 
garden where much of the sky can be 
seen, while some find themselves in 
such a hopelessly ‘light-polluted’ spot 
that there's no option other than to 
venture away from their home in order 
to enjoy darker skies. 
You don't need to refer to detailed 
celestial coordinates, RA and dec, to 





The Sun 





Jupiter 


Saturn 


find and identify the brightest stars 
and constellations - all that’s required 
is a basic map of the stars with which 
you can compare the naked-eye view. 
Now that you've found Polaris 
and the two brightest circumpolar 
constellations you can extend your 
exploration further afield by using a 
Star map - be it a manual planisphere, 
star chart, printout from a computer 
program - or a ‘live interactive view’ on 








Sirius (the brightest star) 





Polaris (the 50th brightest star) 








a handheld computer. If you're using a 
paper chart, make sure that you have 
a red torch to illuminate it - low-level 
red light doesn't greatly affect your 
adaptation to the dark. 

If you are using a handheld 
computer such as an iPhone, turn the 
device's brightness down to such an 
extent that the brightness of its screen 
isn't overwhelming but can be read in 
the dark. 





The crescent Moon 





Capella (the sixth brightest star) 


Objects fainter than Polaris prove more 
difficult to see from urban locations. 
From the suburbs you'll most likely 
consider it a very good night if you see 
objects down to magnitude +4 with the 
naked eye. The faintest objects visible 
without an optical aid from a really 
dark site are around magnitude +6 - 
providing your eyesight is excellent. 


www.spaceanswers.com 


STARGAZER 
Become an astronomer (Part 1) 





* 


How to usea sky map (gs ig 


A map of the night sky is invaluable for finding your way around 





















Choice of star map | Clarity 

Star maps vary in both Choose a map that's clearly readable 
scale and the amount of (especially using a dim red torch 
detail they portray. When in the dark) and one that's not so 
learning your way around cluttered with labels and lines as 

it's best to use a small- to confuse you. Stellar asterisms 
scale map that takes ina and constellations may be linked 
fairly wide sky panorama. with faint lines to aid identification. 





Planisphere 

A chart showing the whole sky 
visible above your location at 
around the same time and date 
that you're viewing will allow you to 
grasp a general overview of what's 
up in the night sky. 











Scale 
On more detailed large-scale 
Star atlases you may find only 

a few constellations covered 

on each page. The scale of the 
charts, along with a grid showing 
RA and dec, is indicated. 


The ecliptic 
» The Sun, Moon and planets move 
among a band of constellations 
on either side of the ecliptic 
| (the plane of Earth's orbit 
around the Sun). Because these 
. objects are in continual motion, 
jeer Fs sy .. =" you won't find them plotted ona 
7 ' 1 planisphere or in a star atlas. 


Milky Way 

Most star maps feature a 

broad, slightly irregular 
shaded band that 
represents the glow 

/ of distant stars in our 
own galaxy. Known 

as the Milky Way, it 

can only be seen from 

relatively dark sites. 






Measuring 
the skies 


You can gauge celestial angles - such as 
the separation between two stars - by 
using nothing more than your hand. 


si 


1 degree 

This is equal to twice 
the apparent diameter 
of the full Moon, around 
the same size as the tip 
of your little finger (with 
your hand held as far away as possible). 








5 degrees 

The separation between 
the two ‘pointer’ stars 

of the Plough, about the 
width between your index 
and ring fingers. 


10 degrees 
The width of your | 
clenched fist, around the 

Same separation as the 

stars marking the rim of 

the 'Saucepan’ (another 

name for the Plough). 














Detail 
Large-scale atlases show the positions 
of different types of object marked 
with various symbols, along with an 
explanatory key. These include the 
brighter double and variable stars, 
star clusters, nebulae and galaxies. 
Atlases showing such detail are useful 
if you want to explore the night skies 
deeper using binoculars or telescopes. 








Stars 
» Stars are portrayed as dots 
of varying size, depending 
} upon how bright they 
| appear. Star maps are 
} usually accompanied 

by a key showing the 
brightness (or ‘magnitude’, 
see page 78) corresponding 
to the size of each star dot. 


20 degrees 
Equivalent to the width 
between the tip of your 
little finger and thumb 
when your hand is fully 
splayed, the apparent 
distance between the second star in 
the ‘handle’ of the ‘Saucepan’ and the 
‘pointer’ stars. 
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What to observe 
on your first night 


The darkness of the night sky at your 
viewing location determines the 
number of stars that you will be able 
to observe. 

From an urban area, with its 
many streetlights and other sources 
of illumination lighting up the 
atmosphere, the sky never looks 
completely dark, and you'll only be 
able to see the brightest objects. 
However, from a dark country location 
you'll see many more stars - perhaps 
more than a small star map will 
actually depict. Being under a light- 
polluted sky can have its advantages 
when you come to learning the basics, 
because a truly dark night sky seen 


Perseus (a legendary hero) can be found 
above Auriga in the northeastern skies. It 
contains numerous bright stars sprinkled along 

a section of the Milky Way, and is one of the 
loveliest areas to scan with binoculars. Binoculars 
will also reveal a beautiful double star cluster 
located directly between the brightest star in 
Perseus (Mirfak, magnitude +1.8) and the middle 
Star in the 'W' of Cassiopeia. 


Auriga (the Charioteer) is rising 


in the northeast and can be 


identified by its prominent bright 


star Capella (magnitude OQ), the 
sixth brightest star in the sky. 


from a remote rural location may 
appear confusingly crowded, making 
identification more difficult. 

To get a fix on Polaris (the Pole Star) 
find the familiar pattern of the Plough 
(or ‘Saucepan’) asterism in Ursa Major 
- looking northwards on mid-October 
evenings, the Plough will be hanging 
low above the northwestern horizon. 
By tracing an imaginary line joining 
the two stars at the end of the Plough 
(the two furthest from the ‘handle’ of 
the ‘Saucepan’) you will find Polaris, 

a fair height above the northern 
horizon; the absence of bright stars 

in its vicinity makes light work of 
identifying this star. 


A prominent ‘W-shaped' star pattern 
lies to the upper right of Polaris - these 
stars belong to the constellation of 
Cassiopeia (named after an ancient 
queen in Greek mythology), and they 
are hard to mistake because they 
present such an individual pattern. 

Facing north, find Polaris and orient 
the map so that the positions of the 
Plough and the ‘W' of Cassiopeia 
correspond with your view. East is to 
your immediate right, west to your 
left, and south directly behind you. 
From then on, the Plough and ‘W' 
of Cassiopeia can be used as initial 
stepping stones to find and identify 
neighbouring stars and constellations. 


Top sights to see on the Moon Lg 


Our lunar companion is a glorious object, with 
some of its features visible without an optical aid 


The lunar ‘seas’ e7 
Visible as dark patches on the 
Moon, the ‘seas’ are actually 
large areas of lava that spread 
over big asteroid impact 
craters billions of years ago. 


Earthshine 

| When the Moon is a narrow 
crescent phase in the dark twilight 
skies, you'll notice a faint glow 

| of its unilluminated side. This is 
caused by sunlight reflected from 

|} Earth onto the Moon's night side. 





Now that youre familar 
with the night sky, you 
are ready to begin a fuss- 
free evening of Stargazing 





















2 Balnelates 
The brighter areas 
you can see on the 
Moon are the lunar 
mountain ranges. 





ip 

* @& Craters 
Impact basins 
pepper the 
Moon's surface. 
In particular, the 
crater Tycho can 
be seen with 
the naked eye. 
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Pre-dawn naked-eye planets 





Venus 


Visible: Throughout October 


Rises: 4am in the east 


The second planet from the Sun is unmistakably 
bright with the naked eye and dazzling through 
binoculars. A telescope is needed to make out 
Venus as a little planetary disc. 


Andromeda (a 
legendary princess) 

isn't a particularly 
brilliant constellation, 

but it's easily found as 

its main star Alpheratz 
(magnitude +2) forms 

the top left-hand star in 
the ‘Square of Pegasus’. 
The constellation is best 
known for containing the 
nearest big galaxy to our 
own Milky Way, the Great 
Andromeda Spiral. 
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Jupiter 

Visible: Throughout October 

Rises: 4am in the east 

Located very close to Venus on 26 October. Although 
Jupiter isn't as bright as Venus, it is brighter than any 
other star. Binoculars will show the planet as a small 
disc closely surrounded by its four brightest moons. 


Cassiopeia (the vain 
queen) is immediately 
recognisable as a ‘W' or ‘M' 
shape formed by its five bright 
stars. Cassiopeia is bordered 
by Andromeda to the south, 
Perseus to the southeast and 
Cepheus to the north. 


Milky Way: Viewed 
October evenings see 


Way stretching across 
the sky, through Auriga 
(the Charioteer) low in 
the northeast, Perseus, 
Cassiopeia, Cygnus 
(overhead) to Aquila 
low above the 
southwestern horizon. 


Pegasus (a legendary 
winged horse) is fairly 
easy to locate because 
of the large ‘Square of 
Pegasus’ asterism, which 
takes up a considerable 
area high in the 
southeastern skies on 
October evenings. 


Aquila (the Eagle) is a medium-sized 
constellation straddling the celestial equator. A 
bright section of the summer Milky Way runs 
across Aquila, making it a lovely area to view 
through binoculars. Its brightest star Altair shines 
at the first magnitude and is the most southerly 
star of the prominent ‘Summer Triangle’. 


from a dark-sky location, 


the faint belt of the Milky 


Cygnus (the Swan) is set against the 
bright, rich starry background of the 
Milky Way. It's possible to spend hours 
just scanning Cygnus through binoculars. 
Its brightest star Deneb (magnitude +1) 
is the top star of the ‘Summer Triangle’. 








Mars 


Visible: Throughout October 

Rises: 4am in the east 

Located very close to Jupiter, it's closest on 18 October 
when they are less than half a degree apart. Mars is 
considerably dimmer than Jupiter but it can easily be 
seen as a little orange point of light through binoculars. 


Lyra (the Lyre, a musical instrument) is | 
a small constellation but it’s one of the 
best known because its main star Vega 
(magnitude O) is the fifth brightest star 

in the sky, the brightest star in the large 

‘Summer Triangle’ asterism that can 
be seen high above the southwestern 
horizon on October evenings. 
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Choosing your first telescope 





Picking a telescope can be a challenge. All About Space finds the one that's right for you 


Telescopes gather and focus light 
using precisely shaped mirrors and 
lenses (or a combination of both). The 
larger the telescope's main mirror or 
lens, the more light is gathered and 
the more detail you will be able to 
see - this is very important in the 
realm of astronomy, since many 
celestial objects are rather small 
and faint. Eyepieces are used to 
magnify the image focused by the 
main mirror or lens. 

Most astronomers begin with a 
small, relatively unsophisticated 
telescope and upgrade to larger 
instruments as their budget allows. 
For a beginner, there are a number 
of advantages in starting with a 
small telescope: they are lightweight, 
portable, and to some extent 
expendable. These days you can 


purchase a good small telescope 

for just a few tens of pounds - but 
remember to buy it from a reputable 
astronomical retailer (such as those 
who advertise in this magazine) in 
order to ensure quality and best 

value for money. You'll find that good 
retailers are only too willing to answer 
any specific questions that you have 
about making the right choice tailored 
to your own budget, requirements 
and expectations. 

There are three basic types of 
telescope. Reflectors use a main 
mirror to gather and focus light; 
refractors use an objective lens, while 
catadioptrics use a main mirror and 
a lens of the same diameter. All three 
kinds of instrument have their own 
‘sub-species’ based on their particular 
optical design. 


Instruments for beginners 


A range of devices are available for those just breaking into stargazing 






Vixen 


Achromatic refractor 
Price: Start at around 
£50 to £100 / $75 to $150 


Best for: 

V General night-sky viewing 

V Low-high magnification views of the Moon 
and planets 


Pros: 

= Wide range available 

= Low maintenance, optics are factory 
set and don't require adjusting 

= Portable 

= Mount can be upgraded as needs 
and budget allow 


Cons: 
(© Requires a sturdy tripod and 
stable mount 

{© Some degree of false 
colour is often visible 
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For example, the most basic type 
of reflector is the Newtonian design, 
which uses a main mirror and a small 
secondary mirror, which diverts the 
light at right angles to the eyepiece 
through the top end of the telescope. 
Refractors use a specially designed 
lens, a sandwiched double lens known 
as an achromat, focusing light down 
the tube to an eyepiece at the bottom. 
Because of the way that they bend 
light, achromats always introduce a 
certain amount of false colour, mostly 
seen as coloured fringes around the 
edge of the Moon and bright planets; 
this is, however, pretty unobtrusive. 
The most expensive refractors are 
apochromats, which produce pin- 
sharp, fully corrected images - they 
usually cost five to ten times more 
than achromats. Catadioptrics come 


Maksutov-Cassegrain 
Price: Start at around 
£250 / $380 


Best for: 

V General night-sky viewing 
V High-magnification views 
of the Moon and planets 

V Deep-sky objects 


Pros: 

=) Come with computer- 
controlled drives and GoTo 
facilities 


\ Cons: 
| = Can be fairly heavy 
«© Expensive 











in two main forms - the Schmidt- 
Cassegrain and the Maksutov. 
Aperture for aperture, these are more 
costly than Newtonian reflectors. 
During your observations, you 
will find that objects in the night sky 
appear to slowly drift as the Earth 
rotates. The simplest form of mount 
for any telescope is the manual 
alt-azimuth variety, which requires 
the user to occasionally nudge the 
telescope (up and down or from side 
to side) so that the celestial object 
remains in the field of view. Computer- 
driven alt-azimuth mounts can be 
set up so that you get a ‘hands-free’ 
experience - some have a GoTo 
facility where objects can be found 
automatically by the telescope's 
computer. German equatorial mounts 
are aligned with the celestial pole. 
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Dobsonian 
Price: Start at 
around £50 to £100 ($75 to $150) 


Best for: 

V General night-sky viewing 
V Low-magnification views 
of the Moon and planets 

V Deep-sky objects 


Pros: 

eb Offers the best value for money in 
terms of aperture 

=) Easy to use 

=) No-fuss setup 

= Portable (depending on size) 


Cons: 

© Requires a degree of maintenance to 
keep the optics clean and aligned 

© Manual Dobsonians have no drive and 


objects need to be found by ‘star-hopping’. 


Schmidt-Cassegrain 
Price: Start at around £250 / $380 


Best for: 

V General night-sky viewing 

V Low-magnification views of the 
Moon and planets 

V Deep-sky objects 


Pros: 
=) Come with computer-controlled 
drives and GoTo facilities 


Cons: 
© Can be fairly heavy 
© Need occasional adjustment to 
keep optics precisely aligned 
«© Expensive 
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There are a huge number 
of options available to 
those just starting out 










Essential 
telescope 
buying tips 


VY Buy from a reputable astronomical retailer or 
second-hand from a trustworthy astronomer. 





¥ Choice is a little easier if you have an idea 
about what kind of astronomy you'd like to pursue 
- be it lunar, planetary or deep-sky observing. 


Y Browse the web for user reviews. 


¥ Ask someone who knows about telescopes for 
their opinion and/or recommendations. 


VY Can the telescope be upgraded in future? 
Upgrades include setting it up on a better tripod 
or mount, adding computer control, better 
eyepieces and finderscope. 


Y Substantial accessories are provided with 
the telescope. 


¥ Good portability and easy to set up. 





NEXT ISSUE: 


|BYexqre)anlomrenal 
astronomer 
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How to view 





Coane @rieliiael 


Be prepared for a potential comet of the year with our essential guide 


Comets are notoriously fickle 
night-sky objects. Some are given 
high expectations of putting on 

a good show and fail to deliver, 
whereas others, originally thought 
to be unremarkable, may suddenly 
flare up and astound everyone. In 
general, though, it’s really difficult 
to say just how a comet is going 

to behave and making predictions 
for Comet Catalina can be just as 
dangerous. However, it does seem to 
be brightening steadily and all being 
well, should become a naked-eye 
object in the next few weeks. 

Comet C/2013 US10 Catalina, to give 
it its proper designation, travels from 
southern to Northern Hemisphere 
skies over the course of October 
through to December and should 
keep brightening as it does so. At 
the beginning of October, the comet 
had a visibility of magnitude +6, 
which meant that it was just visible 


to the naked eye from a dark-sky 
site. Catalina can be found amid the 
stars of the Southern Hemisphere 
constellation of Centaurus as it heads 
steadily northwards. By this time, it 
is thought that the comet will have 
brightened enough to make easy 
naked-eye viewing. 

It should, however, be easy to 
spot in binoculars. The best time to 
catch it, if you live in the Southern 
Hemisphere, is mid-evening, looking 
south-southwest. It quickly drops in 
elevation as the month progresses 
and by mid-month it will be fairly 
low down and in the late twilight. By 
the end of October it will be found 
on the border of Hydra and Libra and 
becoming much harder to see in the 
evening twilight. A small telescope at 
low power should also show it well, 
but please make sure that the Sun has 
fully set before you start sweeping the 
night sky for the comet. 


The comet is due for its encounter 
with the Sun, that is its closest 
approach, on 15 November, so the 
best time to catch it is as early in the 
month as you can; within a matter 
of days it will be down too low 
near the horizon to see. After early 
November, it will be too near to the 
Sun for safe observation. If Catalina 
survives its solar encounter, and 
unfortunately many comets do not, 
then after this date it will become 
a Northern Hemisphere object. The 
comet will then be moving swiftly 
through the early morning skies past 
the constellation of Virgo and heading 
toward the bright star Arcturus in 
Bootes (the Herdsman) on 1 January 
2016. All the while, it is expected to 
grow in brightness. 

It's difficult to say for sure, but 
through 7x50 or 10x50 binoculars, 
the comet will most likely look like 
a fuzzy ball of light, hopefully with a 


distinct tail; in fact maybe two tails, 
as images taken of Catalina so far 
have shown the comet has two tails, 
giving it a noticeable ‘V’ shape. This 
is not uncommon with comets and is 
often very beautiful. If you're using a 
small telescope, it will be best to keep 
the magnification as low as possible 
to give the widest field of view, as 
comets can take up quite a bit of sky. 
| BYo (ole) eo) bLanovar-lenianlonime mee) oltranrelel 
might detect. Already, images have 
shown a greenish tint to the comet. 

Is this going to be the comet of the 
century? That remains to be seen, 
but so far Catalina has given us every 
indication that it will be impressive, 
by most cometary standards anyway, 
so fingers crossed that it survives its 
brush with the Sun in mid-November. 
The best time to see it in the Northern 
Hemisphere will be through the early 
hours of the morning through the 
month of December. 


5 essential tips and tricks for comet hunting 


| | 
—_— _ dle 


Get a star map 

A good star chart is necessary 
for comet hunting, so you can 
find it with ease. Alternatively, 
purchasing a GoTo telescope 
will take the fuss out of 
finding a comet. 
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Use binoculars or a 
telescope 

To view a comet comfortably, 
you should ensure you have 
10x50 binoculars at least or, if 
it's a particularly faint comet, a 
good-sized telescope. 


Make use of filters 

Filters, such as the ultra-high 
contrast (UHC) and ‘Swan 
Band’ varieties that are able 

to pick out faint objects, can 
be really useful when it comes 
to viewing comets. 


Moon 


is below the horizon. 





Observe without the 


Moonlight will wash out faint 
targets, so comet hunting is 

best carried out during a new 
Moon or during times when it 


Have patience 

In general, comets are known 
to be faint and incredibly 
tricky to spot. However, 
perseverance is often 
rewarded, so prepare for a long 
night of viewing. 
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_ Images, like this one taken 
by astronomer Ian Sharp, 


show the cornet with two 
tails afid agreenish tint 








1 @ [ei Ke) 9-1 940) [oy | Arcturus 
Catalina in Centaurus 

Right ascension: 14h 37m 18.0s 

Declination: -38° 13' 06.2" 

Magnitude: +6.10 

Minimum optical aid: 10x50 binoculars 


Bootes 


Catalina is now in the constellation of Centaurus and 


moving northwards. It's easily visible in binoculars. 
1 November 2015 Libra 
Catalina encounters the Sun | 
Right ascension: 14h 21m 56.8s , 
Declination: -19° 00' 09.1" 
Magnitude: +4.76 — Witexe) 
Minimum optical aid: Not visible : 
The comet has its closest approach to the Sun and 


moves from the southern to northern hemisphere. 


1 December 2015 

A bright morning object 
Right ascension: 14h 18m 58.3s (J2000) 
Declination: -11° 18° 55.9" (J2000) 
Magnitude: +4.74 
Minimum optical aid: Naked eye 


Comet Catalina is now visible in the early hours 
for observers in the northern hemisphere. 








1 January 2016 

Catalina and Arcturus 
Right ascension: 14h 13m 50.8s 
Declination: +18° 48' 30.7" 
Magnitude: +4.89 
Minimum optical aid: Naked eye 


Corvus 


Centaurus 


Catalina appears to swing by the bright star 
Arcturus. This will be a dramatic sight. 
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Using the 
sky chart 
















Please note that this chart is for 
midnight mid-month and set 
for 45° latitude north or south 
respectively. 


Ol Hold the chart above your 


head with the bottom of 
the page in front of you. 


Q2 Face south and notice 
that north on the chart is 
behind you. 


The constellations on 
the chart should now 

match what you see in 

the sky. 
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me a a | . Trevor Jones . 
o? = <8 fa * Ontario, Canada —_— 


oe, a te . : . Telescope: Explore Scientific 
7, 4 : ‘ ED80 refractor 
. “I have enjoyed many beautiful 
, nights under the stars over the last 
¢ “* | four years. After joining the local bd 
ss ; +, ie il ; astronomy club in my area, RASC 
: ; Niagara, I learnt a lot about astrophotography in a , 
, short period of time. Whenever possible, I like to e 
° * . set up my telescope and take images of deep-sky 
. rts “ (0) b) (=Xel Ro KOS) BPN: ommy astro-imaging blog. 
“My shot-of the Andromeda Galaxy, which is also 
. designated Messier 31, is one of my favourite images” 
— “>t ie d 4-. ‘ to date. I took this image at the CCCA Observatory in 
: . Wellandport, Ontario, under exceptionally clear skies 
. iS - it combines over three hours worth of four-minute 
_* Andromeda Galaxy (M31). exposures with a Canon 450D DSLR camera.” 
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Me & My Telescope/ 


Sara Cesare 
Napoli, Italy 
. *. Telescope: 
| ac eas Saletan 
. . * = Skyliner 200P 
‘. Dobsonian 
: * - “My passion 
aa “s HAA | for astronomy 
- ¢ started when, at the age of 14, 
; | at © I began to study astronomy 
‘ . at school. I was so fascinated 
‘ i+. by black holes along with the 
4 eu: ” idea of interstellar travel and 
. wormholes that I was keen 
. to learn more about this 
, ¢ : fascinating subject, which led 
~ wae me to buy many magazines 
¥ about astronomy and, from 
=, | that moment, I decided 
. that I wanted to become a 
< professional astrophysicist. 
“T hope that my dreams will 
? come true while I continue to 
watch deep space with the help 
* - o> . of my Dobsonian telescope, 
which my parents bought for 
me after a trip to England.” 


. . _ ee A waxing 
ee gibbous Moon 





Stuart Hilliker 
| West Sussex, UK _The Sun's 
. Telescope: Coronado changing surface 
SolarMax 60 II 
“After recently 
upgrading to the 
SolarMax 60 II from a 
Personal Solar Telescope 
(PST), I'm really impressed with the solar 
telescope’s performance. It has certainly 
revealed much more surface detail on 
* the Sun's surface than I could ever have 
managed with my earlier telescope. 
“It's great to observe and image our 
. . nearest star. The constantly changing 
surface is full of surprises and it certainly 
* , makes a pleasant change to be able to 


observe and image in a warm and light 
= environment rather than a freezing one, 
‘ while trying to find a filter I've dropped 
> in the darkness!” 


aes Send your photos to... “> @spaceanswers @ photos@spaceanswers.com 
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stargazing 


stones 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 





Scott Phillips 






Current rig 


Mount: EQ-5 SynScan 


“I've always been interested in space 
but I think I truly decided to get into 
astronomy after a six-month trip to 
New Zealand. After a spectacular sight 
of the Milky Way, with the whole sky 
filled with stars nearly every night, my 
mind was blown. 

“When I returned to the United 
Kingdom, I started researching how 
I could get involved in stargazing 
and shortly after purchased my first 
telescope (Travel Scope 70). The first 
sight I got of the Moon still amazes me 
to this day and it’s still my favourite 
object to image since it is so close and 
has an incredible amount of detail on 
its surface. 

“Since then I have gone on to learn 
how to capture the amazing sights I 


“The first sight | 


Moon amazes me to this day’ 


Scott's top three tips 


1.Do your research 2. Spend wisely 3. Join a club 

Don't go and buy a Don't buy high-end By joining a local 
telescope without equipment right away- astronomy club, you will 
reading up on it first. It’s invest in either a good have access to a deluge of 


important to find out if set of binoculars or a 
the instrument suits your small to medium-sized you to get into stargazing 


needs and is easy to use. manual scope. 
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Location: Llanelli, South Wales 
Twitter: @scottphillips11 
Info: Astronomer for one year 


Telescope: Sky-Watcher Skymax 127 GoTo 


Other: Canon 450D DSLR camera 


of the lunar 
surface while I 
was processing 
my image” 


have managed to view through my 
scope. It wasn't long until I got into 
astrophotography, which has led to my 
images being featured in a variety of 
astronomy magazines. 

“My hobby in astronomy has caused 
me to start up a local astronomy 
society called Carmarthenshire 
Astronomy Club close to my home in 
Llanelli and we regularly meet up to 
share our interest in the night sky. 

“I plan to upgrade my astronomy 
equipment over the next few years, 
especially the kit I use for astro- 
imaging since my DSLR camera isn't 
the best for photographing the planets 
in the Solar System, so I hope to get a 
CCD camera. A larger telescope would 
also come in handy!" @ 


got of the 


I 


“My sharpest image 
of Montes Apenninus, 
a rugged mountain 
range on the northern 
part of the Moon” 


information that will help 


on the right foot. 


® 


“A pleasing shot of Jupiter” 


“The Great Globular Cluster in 
Hercules, also known as M13, 

-is one of my favourite objects 
to both view and image” 
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“Conjunction of Venus, 


the Moon and Jupiter 
in June this year” 


“The transit of Venus 
during 2004 from Cape 
Town, South Africa” 


“Observing the daytime Moon 
in Cape Town through my 10” 
Schmidt-Cassegrain telescope” 
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Frederik de Jager 


Location: Cape Town, South Africa 

Twitter: @novafred 

Info: Astronomer for 40 years 

Current rig 

Telescope: 10" Meade LX90 GPS Schmidt-Cassegrain 
Mount: Motorised equatorial 

Other: Canon PowerShot G10 DSLR, iPad 





“Il began my hobby in astronomy 
attempting to build a telescope from 
my mother's reading glasses but ended 
up in more trouble than it was worth. 
Eventually, and during my first year of 
primary school, I resorted to painting 
all of the fences on our property 
during the holidays to save enough 
money to buy my first small three- 
inch refractor. It was this telescope 
that helped me to produce a hand- 
drawn map of the Moon, which later 
became my most prized possession. 
“It was when Mars hit opposition 
and I wanted to get better views of 
its white polar cap that I thought 
seriously about getting a larger 
telescope. Ambitiously, I obtained a 
half-finished six-inch mirror from a 
friend and got to work building the 
telescope that would provide the 
exquisite views of the universe I was 


1. Observe bright 
targets first 

Go for targets that are 
easy to find and view 
with the naked eye - 
these include the Moon, 


planets such as Jupiter 
and Venus. 





2. Try out scopes 
First plan a trip to a local 
astronomical society 
club or observatory 
open night where you 
can meet seasoned 

a bright ISS pass or bright astronomers, ask 
questions and compare 
telescopes before buying. and other objects. 


looking for. Polishing for weeks on 
end, the finished mirror was only 
capable of revealing the craters on the 
Moon and so I resorted to buying an 
eight-inch mirror to assist in building 
my own Dobsonian telescope. 

“When it comes to observing, I 
particularly enjoy the dark skies 
above Cape Town in South Africa. 

A highlight of mine was viewing 

the dark spots caused by Comet 
Shoemaker-Levy 9 when it slammed 
into Jupiter in July 1994. I have also 
been lucky enough to see the transit 
of Venus across the Sun in 2004 and, 
later in 2007, I saw the spectacular 
Comet McNaught while Venus was 
emerging from behind the Moon. 
Recently, the stellar explosion Nova 
Sagittarii reached naked eye visibility 
and I also enjoyed the conjunction of 
Venus and Jupiter earlier this year.” @ 





“Comet McNaught (C/2006 P1) with 
Venus having just emerged from 
being occulted by the Moon in 2007” 





Frederik’s top three tips 


3. Make use of apps 
If youre struggling to 
find your way around the 
night sky with ease, apps 
available on smartphones 
and tablets are a 

great way to identify 
constellations, planets 
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VisIO 
Table Top 


Telescope 


advice 


Cost: £49.99 (approx $80) 
From: Optical Hardware Ltd 
Type: Dobsonian 
Aperture: 3" 

Focal length: 11.8” 


Best for... 


Beginners 
Low budgets 
Planetary viewing 


Lunar viewing 
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The FirstView does look ‘toy- 
like’, however, it offers views 
that both children and entry- 
level astronomers will enjoy 
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Bright deep-sky objects 


the FirstView - a 


4mm to provide 
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Given its ‘toy-like’ appearance, we 
didn't have high hopes for the 
Visionary FirstView. However, while 
the views through this desktop 
telescope wouldn't suffice for those 
taking a serious step into astronomy, it 
does the job for children who are keen 
to learn about space as well as parents 
who have taken a passing interest in 
viewing the universe. What's more, at 
just £49.99 it’s not a huge outlay if the 
novelty of stargazing happens to wear 
off. The Visionary FirstView provides 
the experience of astronomy at a low 
price, allowing the user to test the 
waters before taking the plunge into a 
new hobby. 

On unpacking the telescope, we 
were pleased to find that it already 
came preassembled and, as soon 
as you unbox it, it is ready to use. 
Combine this with its small size and 
you have a recipe for an instrument 
that promotes a fuss-free evening 
of observing. It is also easy to pack 
away, either by placing in a cupboard 
or on a windowsill as an ornament 


Two 1.25” basic | 
eyepieces are a 
supplied with 

12.5mm and 


magnifications 
of 24x and 75x 


4 





7 oa 
ie 
D 


: ‘ 
a a) 





eS 


FirstView 


and takes up very little space. A cover 
for the main mirror also comes with 
the instrument to ensure that it is 
protected from dust when it is not 
in use. Two eyepieces are supplied 
-a12.5mm and 4mm to provide 
magnifications of 24x and 75x, making 
it ideal for observing the brighter 
planets and the surface of the Moon. 
Unfortunately, the eye relief of these 
eyepieces is not particularly good, 
so those who wear spectacles may 
find themselves having to upgrade. 
Visionary has also generously supplied 
a Moon filter, making clear the 
enhanced observing experience that 
you can achieve with this additional 
piece of kit. The FirstView comes with 
everything to get started - including a 
finderscope to navigate the night sky. 
Weighing in at a light 1.8 kilograms 
(four pounds), the FirstView is also 
ideal for travelling should you wish to 
take it to a dark-sky site. 

According to Visionary, the 
FirstView is able to capture 60 per 
cent more light than a typical 60mm 





















Compact and easy to use, this small 
reflector is ideal for the entire family 


beginner's telescope. Intrigued, we 
couldn't wait for a sufficiently clear 
evening to test this out. We made a 
near full Moon our first target but 
unfortunately all we managed to 
see was a blindingly white disc, 
washing out most of the features. 
Attaching the supplied Moon 

filter to the screw threads at the 
bottom of the eyepieces did assist 
with toning down some of the 
harshness, however, we decided 

to wait until a last quarter Moon 

to test out the FirstView's optics 
on the lunar surface. 

When that evening rolled 
around, we weren't too 
disappointed with what the 
FirstView had to offer. Using the 
4mm, which ensured that the lunar 
surface covered the field of view, 
the desktop telescope provided 
pleasing sights that are sure to delight 
children and first-time observers, 
however, while these views of the 
lunar surface are not pin-sharp, we 
were able to observe Mare Imbrium, 
also known as the Sea of Rains, 
comfortably along with the almost 
perfectly circular Archimedes crater 
and low magnification views of the 
crater’s floor appeared to be almost 
featureless. The last quarter phase of 
the Moon afforded us the opportunity 
to view some of the tallest mountains 
on the lunar surface, a short distance 
to the southeast and appearing to 
extend from the terminator. Scanning 
up and down this region, we 
could just make out their 
sunlit peaks and bases 

in shadow. Navigating 

around the night sky, 
the finderscope was 
sadly a letdown when it 
came to star-hopping, with faint stars 
barely visible in the field of view. We 
recommend upgrading to a red-dot 
finder for a less cumbersome tour of 
the heavens. As a result, we focused 
on brighter deep-sky targets such as 
the Pleiades star cluster, where we 
could see the entire cluster in its field 
of view. Unfortunately, it was difficult 
to make out the very faint Merope 
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“The FirstView allows you to 
test the waters before taking 
the plunge into astronomy" 


Nebula, which can be seen embedded 


in the cluster, even with averted vision. 


Keen to begin moving on to other 
Solar System targets, we waited until 
the early hours of the morning to 
locate Jupiter in the constellation of 
Leo in the pre-dawn sky in the east. 
Venus, which reprised its role as ‘the 
morning star’, wasn't difficult to miss 
as it shone at a brilliant magnitude of 
-4.5 to the right of Jupiter. Having such 
bright targets allowed us to test the 
FirstView's finderscope, which is quite 
difficult to use given its positioning 
against the main tube. However, 
for the telescope's price, the optical 
ability of the finderscope did the job 
with locating these bright targets. 
Displaying its greatest illuminated 
extent, only 25 per cent of Venus's 
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surface is expected to be visible. We 
could just make out a ‘miniature 
waning crescent’ phase of the second 
planet from the Sun. Turning our 
attention to Jupiter before daylight 
washed it out from view, the king of 
the Solar System appeared as a bright 
disc, with its four largest moons - 
Ganymede, Io, Callisto and Europa - 
appearing as points of light either side 
of the planet. 

For the price, you can't go wrong 
with the FirstView, especially if you 
have a youngster pestering you 
for a telescope or you're unsure if 


astronomy is the hobby for you. Alone, 


the telescope provides views that will 
please the entry-level astronomer and 
has scope to be improved for an even 
better viewing experience. @ 
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The finderscope isn't ideal for 
star-hopping. A red-dot finder 
is much more effective 


Thanks to its small 
size and Dobsonian 
design, the FirstView 
was already assembled 
when we unboxed it 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 


el- 5 Ss! 

Fianet Earth 
call 7 a 
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e The Sun provides our energy to live and is used for timekeeping. 

e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 

e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 

Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





Established for OQ = ~~» 5 Tel: 01442 822997 
over /O years. ) enquiries @tringastro.co.uk 
Sherwoods are one of “3 7 —— 
the Midlands leading _ dies , - VSPRer | FRE sz 
specialists in Night 4 : Sp 2 aS. “Sin, 
Vision, Binoculars 

and Astronomical 


Telescopes. e 

Fy At our new showroom now 

| open at the Arden Centre Little 
aa 


Centre 


Alne (nr Henley in Arden), we 
display optics from the world’s 
leading manufacturers. 
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Visit The Home Countits Se Sntmy ppocionsly ec 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 GHW 
Tel. 01789-488880 


- Friendly face:to facejadvice _ —— 

- Excellent aftersales’support aus 

- Beginner package deals! 

- Great prices and value! a 

- One of the UK's largest displays Biel scopes 


= 
- Extensive range of binoculars’ Seeohing scopes 


Check out our website for latest special offers! 
Showroom open 5 days a week - Free on site parking 


Check out our website for latest 
Cf) offers and full product range. 


www.tringastro.co.uk 
Unit15 The Old Silk Mill, Brook St, Tring, Herts HP23 SEF 


tacebook.com/tringastro @Tring_Astro 


www.BinocularHouse.com 
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hama. 


The smart solution 


MEADE 


TELESCOPE 


Kick-start your stargazing hobby 
with this month's competition 


As part of our essential two-part drive allows multi-speed tracking 
guide to becoming an astronomer, of the Moon, planets and stars. A 
we've teamed up with telescope stainless-steel tripod with an accessory 
manufacturer Meade and distributor tray - to hold the supplied 6.3mm 
Hama Products to offer you the chance (103x), 9mm (72x), 26mm (25x) three- 
to win a telescope kit, which comes element eyepieces and 2x Barlow Lens 
complete with everything you need to - provides the finishing touch to a 
begin touring the night sky. sturdy and capable instrument. 

With its five-inch aperture, the A’breeze to set up, this reflector 
Meade Polaris 130 delivers exquisite offers good portability, offering 
views of a wide selection of night-sky you the versatility of transporting 
objects - from Solar System targets to it the short distance to your 
a variety of deep-sky objects such as back garden or further afield to your 
the Andromeda Galaxy and the Orion favourite dark-sky location. The 
Nebula. A stable German equatorial supplied Autostar Suite planetarium 
mount with slow controls enables easy — software contains information on over 
tracking, allowing you to keep objects 10,000 objects found in the heavens 
in your field of view as they move to ensure that you're free to tour the 
across the night sky, while a motor night sky - whatever the weather! 


sKopocmiamysldem-mest-leeomemyalaienrercemelil 
you have to do is answer this question: 


What is the most 
Earth-like planet we 
have discovered so far? 
Pit yh ee 

B: Kepler-438b 

C: Kepler-442b 


Enter online at: spaceanswers.com/comp 
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Spotting scopes for 
Casual astronomer 


Meade Wilderness 
20-60x100mm 


Olivon T8800 20-60x80mm 

Cost: £349.99/$509 
From: Optical Hardware Ltd 
The Olivon T800 is a very well did note colour-fringing at the edge 
manufactured piece and features of the Moon, which sadly spoiled 
nitrogen fog-proofing inside the the view. The same occurred when 
armour that keeps the optical system = we observed Jupiter and its moons, 
protected from water. This spotting with the gas giant's bright white disc 
scope is light enough to hold but, tinged with blue. The Galilean moons 
in order to achieve steady views of did appear as points of light in the 
targets, a T-mount and tripod are an field of view and as expected for the 
essential piece of kit. The objective spotting scope’s optical ability. 
lens cap was, at first, difficult to The instrument comes with a 
remove, but with a bit of twisting and 20-60x zoom eyepiece but thanks 
turning we managed to get it off. to a 1.25" eyepiece fitting, the 

The Moon was our first target Olivon T8O0 is a versatile piece of 
and, we have to say, the Olivon kit, allowing you to use a selection 
T800's optical system performed of astronomical eyepieces - this 
very well. The rugged lunar surface is something that many casual 
looks wonderful up close and in a astronomers will be pleased with and 


is a feature that gives the Olivon T800 
. an edge over many spotting scopes. 


definition that rivals a small 
refractor telescope. We 
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Verdict 


Winner: Meade Wilderness 20-60x100mm_ 
While the Olivon T800 is a decent instrument, 
the Meade Wilderness is our preferred spotting 
scope for casual astronomy. Not only do you get 
a larger aperture for a lower price, but the build 
well and truly surpassed that of the harder 
casing that surrounds the optical system of the 
T800. While both instruments are plagued by 
colour-fringing, the Meade Wilderness provided 
superior views of the Moon and naked-eye 
planets over its competitor. 





Cost: £345/$519.95 

From: Hama Products 

As soon as you take the Meade 
Wilderness out of the box, you'll 
notice the exceptional build. While 
we wouldn't expect anything less 
from manufacturer Meade, we felt 
confident that this scope will last for 
many observing sessions to come. 
Wrapped up snuggly in rubber 
armour to protect the main body 
and optics from abrasions that come 
about from regular use, this spotting 
scope is also waterproof, meaning 
that you don't have to worry too 
much about the dew that often 
plagues telescopes and binoculars. 
The instrument is also very easy to 
use with the 20-60x zoom eyepiece 
complementing the optical system 
extremely well. 

During an exceptionally cold 
night, the Meade Wilderness's 
promise of a fog-free observing 
session was well and truly met. We 





We pit two spotting scopes 
against each other to see 
which deserves a place in 
your stargazing armoury 


enjoyed clear views of a waxing 
gibbous Moon and made our way 
along the terminator for astonishing 
views of the craters and lunar mare. 
The four-inch objective lens along 
with the 20-60x zoom eyepiece 
collected enough light to make 
Jupiter and its moons an enjoyable 
sight. Sadly though, we did notice 
colour-fringing around some of 
the brighter night-sky targets. On 
the other hand, though, the anti- 
reflection coating on the optics 
ensured otherwise exquisite views. 
While pleasant to hold, for steady 
views the Meade Wilderness does 
require a tripod and T-mount, which 
are unfortunately not supplied. 
What's more, if you're someone who 
likes to dabble in wildlife watching 
as Well as a fair amount of night-sky 
viewing, the Meade Wilderness fits 
the bill nicely. 














www.spaceanswers.com 









1Com 

Celestron TrekGuide 
Cost: £35 / $34.95 

From: David Hinds Ltd 


The Celestron TrekGuide is a four- 
in-one digital compass, barometer, 
altimeter and thermometer that 
worked well overall, however, we 
couldn't rely on it for land navigation 
through a dark sky site and the 
altimeter is not very consistent. After 
holding the TrekGuide’s thermometer 
in our hand for a period of time we 
noted that the measurement was off 
by a few degrees compared to other 
thermometers in the area. Letting 
the device adjust to the surrounding 
air, however, seemed to rectify the 
problem. On the other hand, the 
weather forecast feature seemed to 
work fairly well. A bright green light, 
which serves as a backlight, allowed 
us to comfortably see the display but it 
(che abitemolenmeltcdslmratsi(eap 

For assisting with stargazing, the 
Celestron TrekGuide isn't our cup of 
tea. Beyond providing a rough weather 
forecast estimate, it didn't add much 
more to our observing experience. @ 
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2 Book 


Nature Guide 
Stars and Planets 
(DK Nature Guide) 
Cost: £9.99 / $14.95 

From: Waterstones 


A good proportion of this book can be 
found in The Practical Astronomer, 
also published by DK. However, this 
guide costs less and the constellation 
charts are larger and easier to use. 

If you're looking to learn the 
constellations and want to discover 
some new targets, then this is a good 
starting point. Each constellation has 
a dedicated page, meaning that you 
can take your time focusing on a one- 
Star pattern and its treasures over the 
course of an evening. Full sky maps 
are also supplied for each month. The 
Star maps didn’t wash out under red 
light, which is a massive positive. 

Unfortunately, not all nebulae, 
galaxies and star clusters are listed in 
the observing sections, meaning that 
it is limited to those who have just 
started out in astronomy. As with all 
Dorling Kindersley products, each and 
every page is beautifully illustrated. @ 
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kit reviews 


Stargazing gear, accessories, games and 
books for astronomers and space fans alike 


3 Globe 

Insight Globe: 

Stargazer 

Cost: £9.99 (approx $15) 

From: Waterstones 

Charming and small enough to keep 
on your desk without causing an 
obstruction, this stargazer globe is an 
HORUOACCLGNECICCM BNL IAMORCow.VIW-Voletim)oy- (a= 
office. With all of the finer details of 
lela olmelenenp)-ualcimcmsts Ree niicc I elaleyats 
and finished in a bright eye-catching 
shade, it has an impressive amount of 
stunning detail. 

However, due to its small size 
some may need a magnifying glass 
to see some of the less conspicuous 
constellations, such as Lyra. For this 
reason, this globe serves best as 
an ornament rather than an aid to 
navigate the night sky. 

If you're a fan of the night sky, or 
know someone who is, then we can't 
recommend this globe enough. While 
it can't be used as an observing aid, 
you can certainly gain familiarity with 
the constellations and most famous 
stars in the night sky - whichever 
hemisphere of the world you're in. @ 
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4 App 

PhotoPills (v 1.2.7) 

Cost: £7.99 / $9.99 

From: iTunes 

Sadly, unless you have an iOS device, 
you won't be able to experience what 
PhotoPills has to offer. It assists with 
planning a shoot, making the most of 
your camera and also allows you to 
collaborate with others on imaging. 

Planning is everything when it 
comes to getting the perfect shot. We 
loved the feature that allows you to 
get the date and time for when the 
Moon, stars or Milky Way will be in a 
specific part of the sky, wherever you 
are in the world. Augmented reality 
meant that we were able to get a very 
good nightscape shot of the Milky 
Way, thanks to PhotoPill's ability to 
pinpoint the position of our galaxy’s 
major stars. 

PhotoPills accounts for the elevation 
of obstacles and also assists with 
factors such as depth of field to give 
you an idea of how your image will 
look. It is compatible with a variety of 
cameras such as the Canon XC10 and 
the Panasonic Lumix DMC-G7. @ 
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John Grunsfeld 


The valiant journeys of Hubble's keeper 


Born in Chicago, Illinois, in 1958 

to the renowned architect Earnest 
Alton Grunsfeld II, John Grunsfeld's 
youth was filled by the drama and 
excitement of the Space Race. As an 
adventurous and idealistic young 
man, he frequently daydreamed in 
class, doodling pictures of mountains 
and spaceships in the margins of his 
school books. Even in his early years, 
Grunsfeld had a passion and drive 

to explore everything the Earth, and 
beyond, had to offer. 

This desire for adventure led 
Grunsfeld to participate in a number 
of wilderness courses in his teenage 
years where he built up the essential 
leadership skills that would aid him 
in his later life. In 1980, he graduated 
from the Massachusetts Institute 
of Technology where he achieved 
a degree in physics. This was soon 
followed by a doctorate in physics 
from the University of Chicago. In 
his spare time Grunsfeld enjoyed 
mountaineering, but there was a very 
important place he still wished to 
explore - space. 

In 1992, Grunsfeld got a little closer 
to that dream when he was selected 
by NASA to become an astronaut. 
Determined to achieve his goal, he 
worked hard and trained until his 
first mission launched in March 1995. 
Aboard Space Shuttle Endeavour as a 
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mission specialist, this 16-day mission 
saw Grunsfeld and his crew conduct a 
number of observations to study the 
far ultraviolet spectra of astronomical 
objects. To do this they used the Astro- 
2 Observatory, a system of telescopes 
that was on board the Shuttle. 

Grunsfeld's leadership skills 
impressed NASA and he served as 
flight engineer on his second flight, 
which was aboard Atlantis in January 
1997. This was the fifth flight that 
docked with Mir, the Russian station 
where US astronauts were exchanged. 
They also transferred supplies and 
conducted a number of experiments 
in the laboratory. In December 1999, 
Grunsfeld returned to space on-board 
Discovery on a mission to service 
the Hubble Space Telescope. He 
performed two EVAs to install new 
equipment on the telescope and 
restore it to working order. 

Grunsfeld was back in space 
on-board Columbia when it launched 
in 2002 for another Hubble-servicing 
mission, except this time he served 
as payload commander. This made 
him responsible for five EVAs, three of 
which he performed himself. Yet again 
Grunsfeld's work helped to expand 
the capabilities of the telescope and 
ensure it was in top working order. In 
2009, he conducted his last flight on 
Atlantis, where he helped to renovate 





and install a new camera, telescope, 
sensor and batteries in Hubble after its 
19 years in orbit. 

By this point Grunsfeld had made 
his name as the lead spacewalker 
for Hubble maintenance activities. 
During his five Space Shuttle flights he 
completed a total of eight spacewalks, 
racking up over 58 hours of EVA time 
and more than 58 days in space. For 
the little boy that had dreamed of 
exploring the universe, his mission 
was well and truly successful. 
Grunsfeld retired from NASA in 2009 
and became the deputy director of the 
Space Telescope Science Institute, and 
also took up a position as a professor 
of physics and astronomy at Johns 
Hopkins University. 

Although a lot of Grunsfeld’s 
time was taken up by his work, he 
continued to pursue his love for 
mountaineering, becoming the only 
astronaut to reach the summit of 
Mount McKinley. He was also able 
to combine his love for climbing and 
science by helping with research 
concerning the effect of high altitudes 
on the body. 

However, Grunsfeld couldn't stay 
away from NASA for long, and in 
2012 he was appointed associate 
administrator for the Science Mission 
Directorate at NASA‘s headquarters. 
Eager to spread his love of space and 
science, Grunsfeld has conducted a 
number of lectures, interviews and 
television appearances to share his 
wisdom and experiences, as well as 
commenting on the latest advances in 
Space exploration. @ 
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Everything you Need in One Box 
Get set up and started with astronomy in minutes. 
Altazimuth Mounts, Finderscopes 


and Slow Motion Controls 
Allow smooth, easy tracking of objects to make exploration 
of the night sky more enjoyable and fun. 


Sky and Land-Based Viewing 
Stars, planets, lunar surface, or land. Infinite possibilities 
are at your fingertips. 








Argos Binoculars UK 

Online | Online 

0345 640 2020 Binoculars UK BAPE psy 
AVA VACA TSRCOATLG www. binoculars-uk.co.uk 
Fotosound oneon Camera Exchange 
St Helier, Jersey , Bristol 
01534 759334 0117 927 6185 





www.fotosound.je www.|cegroup.co.uk 


Currys (@@ PC World 





Currys 
Selected Stores 


WWwW.currys.co.uk 


Mifsuds 
Brixham 

0180 3852 400 
www.mifsuds.com 
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Express Processing 
Online 
0845 5390129 


wWww.exprodirect.com 


WEX Photographic 

Norwich 
graphic 01603 486 413 
www.wexphotographic.co.uk 
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MOST LOVED 
TELESCOPE 


NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 


" Skyat Night 
REVIEWED aS 
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Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


